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SECTION I

INTRODUCTION

General

It is the purpose of this document to provide a detailed description
of the Wisconsin Experiment Package (WEP), one of two major experiment
equipments which will be mounted in a Grumman Aircraft Engineering
Company Spacecraft and launched into é. circular orbit as Orbiting
Astronomical Obsérvatory A (OAO-A)., This document is aimed primarily
at astronomers and other scientiéts who are interested in the experimental
capabilities of the eéquipment, as well as to managerial, engin‘eering and
“other pevrsonnel whose activities and interests bring them in cAontact with
the WEP. : ,

- ~ .

No attempt has been made herein té include data necessary for the
engineer or technician interested in checlfing or repairing the WEP. For
that purpbse re‘fer to the ”Ass.ernbly ana vDisasservnbly Procedurevs_for the
Wisconsin E@erimen‘c Package'.

The Wisconsin Experiment Package described herein was conceived
by the Space Astronomy Laboratory of the University of Wiscénsin, and was
designed, developed and fabricated by the Tech-—Center Divisi;)n of Cook
Electric Company, Mcﬁ_‘ton Grdvé, AIlIirnois, in cooperation witil the Space
Astronomy Laboratory and under contract No. NAS 5-1348, SUB. 1 from

the University of Wisconsin.
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Astronomical Objectives of the WEP

The primary objectives of the WEP are ihe determination of
stellar energy distributions in the spectral region from 33008 to 900%,
and the measurement of emission line intensities of diffuse nebulae in the
same speptral band. Essentially all of the measurements of this type
that have been made”to date have'been made via rocket éounding probes.
These, at be;t, offer a very few measurements of short duration, from
unstable platforms, and are perhaps of doubtful reliability. It is
anticipated that the WEP will enjoy a substantial improvement in all of
thése a:reas.

The energy distribﬁtion of several thousand stars representative
of _the various types and of several emission nébulae will be exami.ned.
Multiple observations will be made on selected targets over a period of
time to check observational consistency and the intrinsic varia;bility of

the energy distribution. By extending and broadening the base of our

knowledge of stellar and nebular emission characteristics in the UV,

valuable additional information of the composition of these bodies will be

obtained. Similarly, the composition of the interstellar medium may be
determined more fully by extending the opacity measurements of this
medium into the UV. . .

Spacecraft Functions

The Orbiting Astronomical Observatories have been conceived as

a series of interchangeable experiment packages carried in a standardized
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Spacecraft., Fig. I-1 shows a phantom view of the Spacecraft with the

Wisconsin Experimenﬁ Package installed. The Spacecraft provides several
major functions esseﬂtial to the operation of the expe.riment packages.
}/. It provides equipment for communication with ground
tations, so that experiment commands rhay be sent to the
observatory and experiment measurement and other data may be
sent back to the ground.
"2, It provides storage for commands to be performed at

some time after receipt of the command transmission, and also

1

‘for{istorage of experiment méasurement and related data until
suféh time as it can be transmitted to a ground station.

3. It provides observatory orie-ntation and pointing needs and
supplies aiming angle data and certain other data needed by the
experimenter to correlate with thé WE‘P measurement and status
data.

4. It provides primary experiment power (+28 vdc derived
froﬁl solaf batteries),

5. It provides for th;ermal regulation and control.

General Description of the Wisconsin Experiment Package

‘The complete WEP consists of two distinct and separate components,
the Prime Instrument Package and the Control Electronics. See Fig. I-2.
The former is a cylinder approximately 40 inches in diameter and 56 inches

high, and is mounted in the upper half of the Spacecraft structural tube. It
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containSfall of the optics, mechanisms, photodetectors, associated

i
i . .

supporting structures and most of the electronics needed to make the actual

1
i

Ap'hotmne‘tric measurements. These are packaged into seven photometer
modules: four Stellar Photometers covering various wavelength regions,
one Nebular Photometer, and two Scanning Spectrometers. These m.odules
a.zfé alll mounted on the Primary Structure, which is a 40 inch diameter,
I-bea.rfl-sdpported, honeycomb panel platform that provides the basic
structural integrity of the Prime Instrumeﬁt Package. This structure élso

contains interconnecting wiring, high voltage and 15 v dc-dc converters,

i
. i

energy stora;ge capacitor banks, efc.
f

Tl;e Control Electronicé is a rectangular package of approximately
7 x 12 x 23 inches, weighing about 40 ﬁbs; and is located in equipment bay
E-5 of the Spacecraft. The Control Electronics stéres and decodes the
experiment commands received from the ground via the Spacecraft command
communication link., It then provides- activatioﬁ signals.to the electfonic,
electromechanical, and optical devices located in the Prime Instrument

Package.

The instrument data outputs are routed back to the Control-
Electronics package and formatted for readoﬁt to the Spacecraft
Experimenters Data Handling Equipment. The programming of this data
readout and selected Spacecraft data i.s normally controlled from within the

WEP Control Electronics Package: The Control Electronics physically

consists of 450 digital logic elements mounted on printed circuit boards.
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About 200 of these elements are identical general purpose flip-flops

consuming less than 4 milliwatts each. .

-
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FIG.I-i PHANTOM VIEW OF OAO SPACECRAFT SHOWING
WISCONSIN EXPERIMENT PACKAGE INSTALLED
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SECTION II

STELLAR PHOTOMETER FUNCTIONAL DESCRIPTION

A. GENERAL

The functional biock diagram of a stellar photometer is shown in
Fig. II-1, avphantom view in Fig. Ii-Z and a phoéograph in Fig. II-3. These
are applicable to all four Stellar Photometers. |

Thé block diagram shows how the data output is obtained from the
star source; what the controlling var-iables‘are in the optical-electronic
path to data output; and how the command and timing inputs ére used to
initiate the control functions,

- Star light is collected in a Herschelian-type telescope by an 8-iﬁch

diAameter-off—axis parabolic rgflecting mirror having a 32 inch focal length.
The collected light is passed successively through a field stop, an optical
fiiter, ané a field or .ﬁ?abry lens to a photomultiplier tube. The pulse
output of the detectozi;_ ’;ube is fed to an é,c amplifier and pulse pre-counter
chain, aﬁd the averaged output is fed to an integfating dc amplifier. The
pre-counter output of the pulse counting chain is gat:‘ed to a digital
measurement ‘counter for selected exposure times. Thus, stellar spectral
" intensity data outputs are available both as digital measuremen®s for fixed
time intervals, and as continuously inftegrated analég measurcments,

The controlled variables in the optical-electronic path are field

stop selection, re-collimation, filter selection, and exposure time and



analog sensitivity selection. In general, the first two variables will be
used only for corrective measures to compensate for misalignments caused

i

by launch forces or spacecraft pointing errors. The other three variables

|
t

are used for adjusting the spectral intensity sensitivity and wavelength
selection, and for in-flight calibration. Experiment commaﬁds are
deliverdd from Spacecraft storage at the desired execution time ‘on
Exéeri'rhenter;s Operation Code (ECC) lines, These, together with Bit
Times and Clock Signals are appropriately gated, decoded and buffered to
derive the signals used to control the variables in the optical-electronic |

-. path.

N
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B.  OPTICAL
A bevel around the perimeter of the off-axis paraboloid mirror
limits the aperture of the sSrstem to 7-3/4 inches, yielding a total ¢ Lf@(f‘u

crollecting areacfék?lzbquare1ﬁchefsﬂ304‘cn¢%ﬁs) This same diameter

is repeated in the inside iﬁgmeter of a structural ring at the opposite end

of the tube so that a smallramount of vignetting occurs for angles off the

" axis. At ;u{ ahglé’ of five minutes, '\i.zhich cofresponds to the maximum
observable field, fhe vignetting amounts to one per cent. Because of
imperfect alignme.nt between the end of theAtube and t.he mirror one should
éxpect a rnaximum.total variation in incident flux of two per cent as a star
mbvés across the ten minute field’.‘ .

An enlarged view of the bptical path in’the viéini:ty of the prime focus
is given in Fig. II-4, Loca.‘cea~ atithis focus Vis é;tw‘o position field stop
pfoviding viewing angles of.two mi.nutes add tén jrhinutes of arc, The ten
minute {ield is provided by é 0. 093 inch diameter hoie in the photomultiplier
housing assembly. In general, this field stop will only be employed for |
s.pecial purposes, such as compensat.ing‘ for Spacecraft pointing errors,' and
to aid in in-flight recollimatioﬁ, or perhapé special stellar or nebular
observations. . | | |

‘A solénoid—actua’ced toggle action leaf is capable of sliding over the
ten minute stop. Cer;tered in this leaf is a small, 0.019 incﬁ diameter

aperture which defines the two minute field. The normal mode of operation

will utilize this smaller stop.
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The field stop assemblyis capable of being translated laterally in
the focal blane. This effectively changes the looking direction of the
Stellar Photometer relative tovthe Spacecraft. Thus, post-launch re-
collimation can be performed in the unlikely event that launching:forces
change the optical axis of a photometer. The field stops may be driven
to a maximum +10 minute displacement in one minute increments along
di.fections,parallel to the Y. and Z . Spacecraft akes.

Located about one-half inch behind the field stop is a fix}e—position
filter wheel, Three of the positions are occupied by filters which generally
are multiple layer interference filters evaporated on lithium fluoride or
fuLsed quartz substrates. A fourth ‘position contains an opa;pie barrier
(dark slide) while the fifth contains a calibration soﬁrce.

The opaque barrier eliminates all incident radiation and permits
measurement of the phototube dark ;urrent on zero signal cox;ldition. The
calibration source consists of strontium-90 surrounded by a iucite ring
covered with a quartz window which emits Cerenkov radiation. Similar
calibrat.ion sources are used in all four photometers.

The filter characteristics for each photometer are tabulated in
Flg II-5. Examination of these data reveals that, starting ';Nith Stellar
Photometer No. 1, each unit contains a filter in common with the next

ducceeding one. It is also seen that No. 1 responds to the longest wave-

length radiation, in fact, extending into the visible violet, and each
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succeeding unit, in general, covers successivelyvshorter wavelengths, T}llis
arrarngement pertmits the véry us efult‘;fui"‘lc?tifbn of in-orbit relative rec¢alibration
of al}- photomete.rs. The signal outptit of Photometer No. 1 fising its filter
ND.;;f:l'.ka:S/r‘ld;Ki{éwing a given star can be correlated with an absAolute
measurement of the same star made from the earth, Then Photometef
No. 2 can be compared with No. 1 thrqugh their common filter, éﬁd 1e)
on for all units. In this Way, calibration can be periodically 'verified
during the one-year lifetime of the satellite, Furthermore, duplication'
of filters provides redundancy in case of failure of one éf the units.,
a Following the filter wheel, a field lens (Fabry lens) is 1o<;ated in

all phofcbmeters except No. - 4, The design ‘characteris%%n-s of this lens
varér for gach photometer and are tabulated in Fig, II-6. "Its function is
to immobilize the spot of radiétion incident on the photomultiplier
regardless of the motion of the stellar image in the field stop. In this
way, over-all system response is héld constant in spite of point-to-point
» variat;ons in sensitivity of the photocathode surface,

This type of lens is not used in Photometer No. 4 because originally ’
it was planned to extend the response of that unit to wavelengths shorter than
_the cutoff of all known refractive maté;ials. Therefore, it may be expected

that the résponse of Photometer No. 4 will vary somewhat depending upon

the position of the stellar tai‘get in its field of view.
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C. ELECTRONICS

1.~ Field Stop Selection

“

For the stellars, one of two field stop épertures may be
selected providing viewing angles of 2 and 10 minutes of arc,” The normal
mode of operation is with the small field stop.

o The.field stop meghanism is a two_'position‘devicée (see
F‘ig. I1-7) operated by a solenoid. | The solenoid in turn is controlled by
gating appropriate Command Code lines and a Bit Time signal. (see Fig. II-§8).

The output of the gate. is buffered with an emitter follower, and subsequently

4.

‘used to trigger a monostable multivibrator. The stretched pulse monostable

.output feeds a drive amplifier which is used to operate the solenoid. The

mechanism is such that each solenoid actuation changes the field stop
aperture. A two-position commutator i.s used to detect whether the small‘,
or large f.i‘eld stop is in the optical p-ath an?l to provide this information as
part of the digital status output data.

2. Re-collimation

An in-flight fe-collimation capability is available for minor
realignment which ma.y be Ijequired as a result of shifting of the Stellar
Photometer pointing axis relative to the Spacecraft pointing axis due to
la'unch forces, etc. Re-collimation is accomplished by rﬁoviﬁg the field stop
aperture in the focal plane. The aperiture may be moved in 1 arc minute
increments over a 1 10 minute range along each of two orthogonal axes in

the focal plane (see Fig. II-4).
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The re-collimation is controlled by two bi-directional

EXS i

i - ) v
stepping motors, one for each axis, whose shafts are linked to the field

|
stop aperture positioning arm. These motors are controlled in a similar

manner tgo that of the aperture mechanism. The AND gate output of the

-proper ipput Command Code and Bit Time signal is again buffered and

“trigger a monostable. The monostable output feeds a drive amplifier

which is used to step one of the motors in one direction. Thus, each

transmission of the command causes one added step to be taken in a selected

direction. Separate but identical channels are provided for each drive

direction on each axis of alignment. Digital status dataiobtained from

parallel switches provide an indication when either collimation mechanism

has reached its limit of travel in one particular direction on its axis, It
should be noted that only one bit of digital output status data is available for
this purpose fbr each photometer; and this bit must therefore serve both re-
collimation axes of that photometer.

3. Filter Wheel

The filter wheel position control is accomplished by means
of a digital servo loop. A logic diagram for this opefétion is shown in‘
Fig. II-9. Commands are read into a control registér by AND gating
appropriate sets of Bit Time lines with one of the appropriate input EOC
Command Code lines. The control register for'the filter wheel pos‘ition
command is a set of parallel in, parallel ouf, memory flip flops. The

flip flops first reset at the beginning of the entry of a new command by the

II-7



AND gate'amplifived output from Bit Time Line 3 and the proper EOC line,
and then sef according.to the code o£ thét coﬁmandi | Decoding of the
command input is accomplished by AND gating the cémbinations of the flip
f10p'ou’cputs with a feedback line from a commutator on the filter wheei
shaft. An output from ahy of the AND gates is inverted and prevents the
l.pps- Clock Signal from causing the filter wheel drive stepping motor to
step to a néw position. Consequently when a new command is entered
into the control register, the filter wheel will be stepped unidirectionally
one ﬁltgr position per step at a one step per second rate until the poéition

&

agrees with the Command Code input. The feedback signal from the

.commutator is encoded in binary form and inverted to provide' filter wheel

~ position signals as part of the digital status output data. Redundant input

Command Codes and complementary Bit Time signals are used in the filter

wheel position control to provide a higher degree of reliability.

4, Data Measurements Circuitry

rl"he functional block diagram of the data measurement
circuitry is shown in Fig, II-10. This diagram is divided into three parts
for discussion purposes; (a) photomultiplier assembly, (b) pulse
measurement circuitry, and (c) aﬁalog measurement circuitry.

(a) Photomuiltiplier Assembly

T,hé photomultiplier assembly consists :of the photo-

multiplier tube and a transistorized pulse pfe-ampliﬁer. - Two types of

PM tubes are used in the stellar photometers: EMI 6256B for Stellars 1 and 2,
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and ASCQP 541F for the shorter wavelengths of Stellars 3 and 4. Figure

'
i

II-11 shéws a compérisén of the pertineﬁt characte-risticks of the two tubes.
The.oper/ating poterftials chosen are -2300 volts for the ASCOP and -1200 v‘oli':s;
for the EfMI. A | : .

A photoelectfon emitte;d from the photocathode of the
- PM Attib;e produces an amplified output puise at the anode by the etlectron
multipi:[icatbion process of the tube. This pulse is further émplified by the

pre-amplifier and presented to the pulse amplifier and discriminator. The

pulse at the anode is also integrated and presented to the analog amplifier.

* i
!
i

T . ) ‘The pulse pre-ampliﬁel; is a potted assembly of three
transistorls and associated components mounted on a printed circuit board
attached to the rear of the PM tube (socket or assembly).,.‘ One of the three
.transistors is connected as a gai‘n stage, while the other two are connected
as emitter followers and provide input ;nd output isolation and impedance
matching. The pre-amplifier is ac coupled to t_he. ar;ode. of the PM tubev
"and provides amplified pulses at a low output impedance which are transmitted
over a coaxial cable to the remately 1ocated pulse amplifiers and disc;'iminator
circuits. The printed circuit board also cont'a;'ins the ac-dc isolation circuit
and initial integrating components for the dc integrating (analog) amplifier.

{b) Pulse Measu¥ement Circ;ntry
The pulse mveasurement circuitry contains a‘high

speed pulse conditioner, a high speed pre-counter, and a low speed

measurement counter with means of controlling exposure time. The pulse
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conditioner and pre-countér are assembleci from transistorized welded
logic elements and ax;e located on an a;rr;ialifier éhassis 0;1 the associated
Stellar Module structural tube. The mea.sufement counter and exposure
control circuits are also assembl_ed from transistorized welded logic :
elements but are located in the Control Electronics package mounted in
Bay E-5.0f the Spacecrait. | ’

The pulse conditioner consists of two pulse amplifiers,
a Schmitt trigger discriminator circuit and a counter driQe amplifier. The
pre-counter consists of three high sineed and three medium speed flip-flops
and an&emitter follower line driver,

The signal pulses from the pulse pré-amplifier are
further amplified by the pulse amfﬁ:’lif(ie'rsbto a level sufficient to exceed
the threshold of the Schmitt trigger discriminator. The discriminator is
used to differentiate between PM tube aqd circuit noise and the s'ignal pulses,
Ii? also serves as a drive amplifief to shape and invert the signal pulsés for
“the pre-counter,.

The» squarei v‘vav:e sighél pﬁlses from the counter
drive amplifier are counted doWﬁ iin ab.sAéri»al bin'a‘ry fashion by a factor of
.64 in the pre-counter. The pre-counter is used to increase the statistical
accuracy of the measurement, and this function is covered more fully in
Section V. The output of the last binary g%uxltdown stage of the pré=

counter is buffered with an emitter follower which drives the coaxial line to

the measurement counter AND gate in the Control Electronics. The pre-
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amplifier and pulse measurement circuits have an over-all pulse resolution:
of about 0.5 microseconds.
The measurement counter consists of an eight bit

serial in, parallel out binary counter, a diode AND gate to control the entry

of pulses into the counter, an exposure time generator, and a time delay

_ circuit. The exposure time generator is made up of various gates and

binary countdown circuits to generate the time control for gating the
measurement signal pulses, as well as to genefate buffered control signals
for selecting the analog amplifier sensitivity range. Referring to Figs. II-1

4

and II-10, the control of the generator is accomplished by usge of Exposure

.Time Commands and a delayed Start Exposure Command, p1u>s Clock Signals

of 1 pps‘ and 1042 pps. Four Exposure Time Commands are utilized: 1/8, ;1’
8, al_;xd 64 Spacecraﬁ; seéonds.

The Exposure Time Command acts as a limit on the
exposure tirne countdown of clock pulses following a cielayed Start Exposure
Command. The 1/8 second exposure time is determined by a binary
countdown of 128 pulses of the 1042 pps Spac;ecragt Clock Signals. The 1, 8,
and 64 second exposure times are determined by an appropriate binary
countdown of the 1 pps Spacecraft Clock Signal. The countd&wn is initiated
by a Start Exposure Command which is time delayéd from thé entry of each
new command to allow for the maximum required fil‘ce‘r wheel positioning time.

Using the 1/8 second exposure, the pulse measurement
circuitry can count without dumping (filling the counter Beyond its storage
.
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capacity) signals having an average rate of 131K pps at the PM anode.
Average rates up to 1.0 M pps can be measured, using analog-digital
correlation to determine the number of dumps. However, the 0.5 micro-
second.pulse resolution limit results in a (prédictable) -non-linearity in
this region. Using the 64 second exposure, pulse rates as low as 2 pps
can be counted wif:h significance, |
» c. Analog Measurement Circuitry

The analog measurement circuitry is composed of a
dc oper.ational amplifier with relay controlled sensitivity ranges. The
améliffer and latching type relays are mounted on two printed circuit boards
located on an amplifier chassis on the Stellar Module struétural tube. The
operational amplifier has a balanced electrometer tube pair input stage
followed by a transistorized amplifier. The selectable sensitivity ranges
are 10‘6,‘ 10'7, 10'8, and 10"9 amperes full scale and directly correspond
fo 1/8, 1, 8, and 64 second exposure times uséd in the pulse measurement
cii‘cﬁitry. Upon receipt of one of the four Exposure Time Commands the
exposure time generator sends a signal to the analog amplifier gain control
i'elay drive to set up the appropriate sensitivity. As this amplifier is
‘utilized for integrating, specific time constaﬁts are provided for the various
,i;:_éan;ges; In each case these are 1/4 of the associated exposure time: 1/32,
1/4, 2, and 16 seconds.

Input pulses from the photomultiplier assembly will

cause an averaged dc input current to flow into the grid of one electrometer
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tube, in turn causing the plates of the two tubes to unbalance, This
unbalance is amlpliﬁe;i by the transistor “amplifier causing its output voltage
to rise, which in turn, feéds a current back through the selected feedback
resistor. The output voltage will increase until the current through the
feedback resistor equalizes the average input current at the grid, at which
- time the output voltage will remain constant. The rate of chan;ge'a of the
ouf.put volté.ge is dependent upon the RC‘time constant across the amptlifier.

The analog measurement voltage is directed to the
Spacecr.aft analog-to-digital converter, Where, upon command, it is
conv.ertyed to an 8-bit digital signal for storage and transmission. The
'fuil scale output voltage range usable by the Spacecra% is f-rorn 0 to + 5.06
volts. The linear ra;lge of the amplifier itself is larger than this, but is
clamped between about + 7.0 aﬁd -0.2 volts to protect the Spacecraft A-D-C.
The output; voltage, with zero input current, is offset by approximately

- 40,150 volt%so that small signals would not be lost if the amplifier zero

were to drift negatively during the long orbital life of the equipment.
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D, ‘ SUMMARY OF ALL OUTPUT DATA AVAILABLE FROM THE
STELLAR PHOTOMETERS

By way of a summary, and for ease of understanding, all output data
which is thained from each Stellar Photometer is reviewed below. All
WEP digital output data is formatted into four 25-bit words as show;i_fin’
Fig. VIj-3. AH Stellar No. 1 digital data, with the exception of collimation
lill:lit sﬁ'atus, is contained in diggi-tali output word No 1 (aldng with data from
other sfources). Similarly, the digi‘calidata from Stellars Nos, .2, 3, and
4 are contained in digital output words Nos. 2, 3, and 4, vrespectively.

Steliar_ data may be conveniently divided into two classes: photometric

measuremént data, and status data.

1. Photorhetric Measurement Data

;(a) Digital Photometric Measurement Déta
This consists of an eight-bit measurement (full
scale: 28 = 256 units), occupﬁng bit positions 4 through 11 in the ‘appropriate
digital output word, and with bit position 4 containing the 1eést significant bit,
b) Analog Phtg_tometric Data |
The analog photometric measurement has an output
voltage range of from 0 to + 5.06 volts, and this is ultimately digitized in
the Spacec'raft for subsequer}t telemetry into 28 (= 256)‘»1.1;:1*11:5, for a . Olﬁ98
volt unit of resolution. The table below shows, for each of the four analog
sensitivity ranges, the averaged dc PM anode current required for full
scale and for one unit of resolut;;on. The sensifivity ranges are expressed

in terms of the corresponding digital exposure.
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Full Scale Unit of Resolution

Sensitivity Range Amps Amps
1/8 second exposure 10-6 3.9x 1077
1 second exposure 107 © 3.9 %107
8 ~ second exposure 10-8 3.9x 10!
64  second exposure 10-9 3.9 x 10-12
2. Status Data
- 4a)

Filter Wheel Position Status

This information is presented, in binary coded form,

in bit positions 12, 13, and 14 of the corresponding digital output word

(i.e., word 1 for Stellar 1, etc.).

+

Filter Wheel Word Bit Positions
Position - 12 13 14
1 ' | 0 1 1
2 1 0 1
3 "0 0 1
4 1 1 0
5 0 1 0
{b) Exposure Time Status

This information is presented in bit positions 15 and

16 of the corresponding digital output word.

Exposure Time Word Bit Positions
15 16
1/8 second 1 1
1 second 0 1
8 seconds 1 0
64 0 0

seconds

b
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(c) ‘ Aperture (Field Stop) Position Status
This information is presented in bit position 17 of

the corresponding digital output word.

Aperture Position Word Bit Position
. (Field Size) | 17
2 arc minutes » 1

'1(‘)’:a.lrc rhinutés o _ 0

(d) Collimation Limit Status

For all four stellar photometers, this data is

presenfed in digital output word 4,bit positions 18 through 21 as follows:

Stellar No. 1 2 3 4
Bit Position 18 19 20 21
Limit Locatl'on —Yc, +ZC +YC, +ZC +YC, -ZC .;YC, -Z
Not at Limit 1 1 | I 1
At Limit(s) 0 0 0 0
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S ~ FILTER ASSIGNMENT

FILTER STELLAR STELLAR STELLAR STELLAR
WHEEL |PHOTOMETER |PHOTOMETER | PHOTOMETER | PHOTOMETER
POSITION #1 # 2 #3 # 4

b 3300 900 ¥ 1850 1500

2 DARK 2800 2200 CALIB.

3 4200 . DARK CALIB. 1250

4 2800 CALIB. DARK 1150

5 CALIB. 2200 1500 DARK
: TgiE EML EM.L AscoP | AscoP

62568 62568 541F 54iF

DETECT.

¥ PHOSPHOR FILTER

FILTER CHARACTERISTICS

(- FILTER NOMINAL MAXIMUM BAND LIMITS AT | AVG. TRANSMISSION
NUMBER | WAVELENGTH | TRANSMISSION | 5% OF MAX.T BET. BAND LIMITS

900 670 15% 500 - 900 10%

_ 1150 1250 19% 1100 - 1680 10%

1250 1300 16 % " 1200 - 1680 8%

1500 1500 21% 1220 - 1830 11%

1850 1850 249, 1600 - 2180 15%

2200 2200 26% 1920 - 2560 3%,

2800 2800 29% 2500 - 3100 13%

) 3300 3300 29% 3060 - 3580 15%

4200 4200 29% 3980 ~ 4490 15%

FIG.IL-5 STELLAR PHOTOMETER WAVELENGTH DATA
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FIELD STOP
OR EXIT SLIT
FILTER FABRY LENS PHOTOCATHODE
MODULE - | MAT'L DIA Ry ~ Rp C.T. Lo L’
i .
STEL. | S; 0, 16.0 18.7 299 4.0 2 22.2
2 Si0p (7.0 22.2 29.1 4.0 2| 22.2
3 LiF 16.5 23,5 36.6 4.0 21 | 222
4 NONE USED '
si{ S; 0 15.0 38.6 38.6 3.0 10 0.9
nesuLarS | 3102 . |
Si{02 15.0 =X PLANO | 3.5 —_ 15.8
SPECT. | Si02 12.0 22.2 29.1 4.0 2] 22.2
2 L; F 11.0 23.5 36.6 4.0 2 22.2

NOTES:
I. ALL DIMENSIONS ARE IN MILLIMETERS.

2. ALL RADII ARE CONVEX.

3. NEBULAR PHOTOMETER EMPLOYS TWO ELEMENTS.
SPACING BETWEEN THEM IS GIVEN AS. L' FOR FIRST ELEMENT.

4. LOCATION OF FILTERS BETWEEN FIELD STOP AND LENS
NOT CRITICAL. (NO FILTERS ARE EMPLOYED IN SPECTOMETER).

FIG. II-6 FABRY LENS
CHARACTERISTICS FOR ALL MODULES
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ﬂ PHOTOTUBE TYPE
CHARACTERISTIC 5 e e—
H ASCOP 541-FO8 EMI 62568
B y S T A T T B N O S X B S
PHOTOCATHODE MATERIAL i Cs-Te . Cs-5 0
‘ i
CATHODE FACEPLATE MATERIAL ‘ LiF QUARTZ
SPECTRAL RESPONSE " 1 100-3500A 1650-6500A
NUMBER OF STAGES F 14 ' I3
TUBE DIAMETER gi ' 1.250 INCHES 2.028 INCHES
TUBE LENGTH a 5-1/8 INCHES 5.118 INCHES
ACTIVE CATHODE DIAMETER ia {0 MILLIMETERS 10 MILLIMETERS
QUANTUM EFFICIENCY E 5% — 1216A ‘ 12.5% —4200A
NOMINAL VOLTAGE IN WEP 3 2350V ~ 1zoov
MAXIMUM RATED OVER-ALL VOLTAGE 3500 ' 2500
MAXIMUM STABLE DC ANODE CURRENT ! 100 UA » | OUA
DYNODE RESISTORS, OHMS ﬁ 15 5.6 M "3 Igfg ';3-
VOLTAGE CHANGE REQUIRED FOR 10 X
CHANGE IN CURRENT GAIN E 500V 300V

FIG. IL-1l TABLE OF PHOTOMULTIPLIER TUBE CHARACTERISTICS




SECTION III

NEBULAR MODULE FUNCTIONAL DESCRIPTION
l
A. GENERAL

he functional block diagram of the Nebular Photometer is similar

to that jof the Stellar Photometers shown in Fig. II-1. The main difference

'b'etwéTn the two t‘fpés is that no iﬁ-flight recollimation capability is

proviﬂied for in the Nebular Photometer because its greater field of view
makes such a capability unnecessary. With this exception, the functional
operation of the optical-electronic ;.)ath shown in the figure is equally
a\.pplicable‘! ta. the Nebﬁlar.

St{a.r light in the Nebular is collected in a Cassegrain-type telescope
by a 16-inch diameter on-axis parabolic reflecting mirror having a 32 inch
focal length. The controlied variables in the optical electronic path are
field stop selection, filter selection, and exposure time ;.nd analog sensitivity
seiectio(n. A phantom view of this module is shown in Fig. III-1.

B. OPTICAL |

The aperture of the primary mirror is limited by the retaining ring
to a 15. 585" diameter. Vignetting due to the photomultiplier assembly and
its supporting spider reduces the effective collecting area to 162 square
inches {10590 cmz) fo? sources on the axis of the system. At off-axis
angles corresponding to the largest field, the area is estimated to be

reduced by 0. 9 per cent.
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The photometer mechanism for this module is similar to that for
the Stellar modules (see Fig. II-3) except for an enlarged filter wheel and
the absence of any recollimation feature. Since this instrument is designed
principany for observations of nebulae énd other extended-surface objects,
the angular fields of view are made greater than in the Stellar Photometers.
-As in the Stellars, two fields are available. These have anguiar diameters
of ten fninu';és and thirty irninutes; the correspondiﬁg lineaf diameters of
the field stop apertures being 0.093 inch and 0. 280 inch, respécttively.

The filter wheel in the Nebular Photorﬁeter is a six-position device
which C‘Qntains four different optical filters, a calibration source.and a:dzirl%
slide. Th"e:cal*iibrat'i;dn:som%cze;and dark slide are identical to those used in
the Stelilars. The filter characteristics are given in Fig. III-2., It is
seen that t;avo of the fiiters are duplikcated in two of the Stellar Photometers,
again providing redundancy, as well as capabilit.y,,f'cmi‘»n'-orbit cross-check
and recalibration. Band passés of the remaining two filters are chosen
consistent with the short-wavelength cutoff of the photomultiplier.

The Fabry lens in the Nebular Photometer consists of two UV grade
fused silica elements: an equiconvex (adjacent to the filter wheel) followed
by a plano-convex (plano side adjacent to the photocathode). Design data
for these elements are given ;n Fig, III-3. The axial separation o.£ the two

elements is 0, 9 millimeter.
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C. ELECTRONICS

1. Field Stop Selection

For the Nebular, one of two field stop apertures may be
selected providing viewing angles of 10 and 30 minutes of arc, thus, various

size portions of a nebular can be observed

The field stop mechanism is a two position device, with a
commutator to provide digital status output, and is controlled in the saie
manner as that of the Stellar field stop mechanism. See Section II.C.1.

. 2. Filter Wheel

The filter ‘wheel control is accomplished in the same manner
as in'thg Stellar, but with an additional input and commutato# Positien
requiréd- for the sixth filter wheel position, Again, the commutator
Provides filter wheel status signals.

3. Data Measurements Circuitty

The data measurement circuitry contains a photomultiplier
assémbly with an EMI tube, as well as pulse méedsurement circuitry and

analog measurement circuitry which are iflentical to that of the Stellar

Photometers. For details see Section II.C. 4. ’

D. SUMMARY OF ALL OUTPUT DATA AVAILABLE FROM THE_
NEBULAR PHOTOMETER ‘

All outputv data whiéh is obtained from the Nebular Phqtorneter is
reviewed below. The WEP digital output data is formatted mto four 25-bit
words as shown in F“ig. VII-3., All Nebular digital data is cdﬁ.tained in
digital output words No, 1 aﬁd No. 2,
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As with the{ Stellar, Nebular output data may be divided into two

classes: photometric measurement data and status data.

1. Photometric Measiurement Data

a.  Digital Photometric Data

This consists of an eight-bit measurement (full
scale: 28 = 256 units) occupying bit positions 18 through 25 in
/digital output word No. 2, with bit position 18 containing the least
]

significant bit,

b. Analog Photometric Data

i
4+ 1

Do The analog phbtometfic measurement has an output
\{dii:age range of 0 to 5.7 06 volts, and this is ultimately digitized in
the Sp.a‘cec:raft into an eight-bit digital word for subsequent telemetry.
(Full scale: 28 = 256 units, for a .0198 volt unit of resolution.)

The table below shows fof each of the four sensitivity ranges the
averaged dc PM anode current feéuired for full scale anci for one
unit of resolution. The sensitivity ranges are expressed in terms

of the corresponding digital exposure.

ar Full Scale Unit of Resolution
Sensitivity Range Amps : Amps

1/8 second exposure 10-6 ‘ 3.9x 109 -~
1 second exposure- o 10."7 3,9 x 1010

8 second exposure 10-8 3.9 x 10-11

64 second exposure _ 10"9 3.9 x 10-12

N -
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2. Status Data

a. Filter Wheel Position Status

This information is presented in binary coded form

in bit positions 20, 21, and 22 of digital output word No. 1

Filter Wheel "Word No. 1 Bit Positions

Position 20 " 21 22
1 o0 1 v".'s.l
2 1 0 1
3 0 0 1
4 1 | 1 0
5 0 1 0~
6 1 0 0

b. - Exposure Time Status

This information is presented in bit positions 23 and
24 of digital output word No. 1

qud No., 1 Bit Positions

Exposure Time 23 24
.1/8 second 1 1
1 second _ | 0 1 ;
8 seconds -1 0 |
64 seéonds B 0 0

c. - Aperture (Field Stop) Position Status.

This information is presented in bit position 25 of

% %

digital output word No. 1
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Aperture Position
(Field Size)

10 arc minutes

30 arc minutes

11-6

Word No.1 Bit Position
25
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SECTION IV

SCANNING SPECTROMETER FUNCTIONAL DESCRIPTION

A, GENERAL

The functional block diagram of a Scanning Spectrometer is shown
in Fig., IV-1. This diagram is applicab}e to both Spectrometers and shows
'SOrﬁé. of the ‘cfrcuitfy common to the two,

Because the two Scanning Spéctrometers are considered to be backup
instruments to the Stellar and Nebular Photometers, and because of a
15m~itat{ion in the amount of digital output data that the Spacec%af’c can accept,
- the equipment is constrained so that only one Spectrometer can be operated
at a time. Therefore, a single command control system fér the two
instruments has beer} provided as well as command capability for selection
of the desired spectrometer.

" The Spectrometers collect a selected band of light by use of a
rotatable grating and an on-axis paraboiic mirrof with a 31-1/4 inch focal
| length. The light from the collecting mirror passes back thrOugH a hole
in the Acenter of the grating, through an aperture slit and field lens to the
 photomultiplier tube. The output.of the detector tube is fed through
electronic circuitry almost ideﬁtical to that used for the Stellar Photometers,.

The controlled variables in the optical-electronic path are exit slit
width selection, diffraction grating angle, and exposure time and.

corresponding analog sensitivity selection.
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Experiment Commands are received:from Spacecraft storage on
Experimenters Operation Code lines. These, toggther with Bit Times

and Clock Signals, are gated, decoded and buffered to derive the signals

" used to control the variables in the optical-electronic path.

B. OPTICAL
The optical design of the two Spectrometers is identical except
for the amount of angular rotation imparted to the gratings and for the

grating blaze angles. These are different in the two instrufmeénts to

provide two different wavelength bands, A cutaway view of the systém

is shown in Fig. VI-2. Radiation from a stellar source itnpinges directly

on the objective grating (no foreoptics are ﬁséd) where if is dispersed
b}eforie being reflected by the prirhary paraboloidal mirror. Thus a separate
stellar irﬁage is produced in the prime focus for each wavelength. Theﬁ
resulting polychromatic image of a single star is a lineA along which the
wavelength varies in an (ah_riost):- linear manner. By rotating the grating

about an axis i;parallel to the rulings, this line image is made to scan across
. j ’ )

 an exit slit placed at the prime focus; The width of the slit determines

the spectral bandwidth accepted at any instant. AUnwan%:ed scattered radiation
is minimized by providing a narrow mask across the face of the grating.
As in the other instruments, a2 Fabry lens is located behind the
slit. Its characteristics for both spectrometers are given in Figure II-6.
The limiting aperture of the instrument is the grating, whic.hAhas an
effective collectipg area of 265‘c.*.m2 or 41.0 square inches. Wavelength coverage
is 2000 to 4000?& in Spectrometer 1 and‘ 1000 to 20004 in Spectrometer 2.

Blaze angles are set for 30008 and 15008, respectively.
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, In both instruments the gratings are ruled with 300. 06 lines per

i

millimeter, yieiding an angular dispersion of 9.656 Angstroms perj‘arc—

minute. This, combined with the primary focal length of 31,25 inches

- yields a linear dispersion of about 42 Angstroms/mm.

Total grating rotation required is 104 minutes in Spectrpm’éfer 1
and half this yalue in Spectrometer 2. In éach case the interval is
divided into 100 equal steps correspondiﬁg to 20 AngAs'troms and 10
Angstroms per step, respectively.

In each instrﬁment, one of two slit widths .can be chosen to yield

1

higﬁ,-résoiution or low-resolution data. In Spectrometer 1 thes.e.-a»r.e 208

!
and 2003, respectively, and in Spectrometer 2, 108 and 100?\, nespectively.

The lengths of the exit slits (ana the direction of the grating rulings) are
parallel to the Spacecraft Zc'axis, whereas the s;iit widths and therefore
the direction of dispersioﬁ are pa‘:ralllel"'to the »chaxis. For spectral
scarnning the grating is rotated about an axis parallel to the Zg axis. Thys
if thé grating drive mechanism should fail, scanning can still be achieved
be slewing the entire Spacecraft about its Z. ‘a,:&lcis.

The length of the slits limits the field of. view to 8 minutes in the
direction of the Zc axis. However, becaﬁsé of the dispersion, the field

of view is not limited in the Y. direction by the slit width. The only

" limitation in this direction is that’'dueto the mechanical vignetting caused

by the opening at the front {top) end of the module. The resulting field is

not a sharply defined one having mdre or less uniform response out to the
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cutoff points. Rather, it reduces in a nearly linear manner from maximum
reséonse on-axi}s»to zero at + 10 degrees fo-axis. Therefore, any
celestial objéct within a field measuring 8 minu'tes by 20 degrees may
conceivably introduce spurious radiation into the system.

This effect must not be forgotten when usé of the Spectrometer is
contemplated, System ré;ponse in '-the 8-minute direction of the field of

view is theoretically uniform. ~ In the 20-degree direction it is not only

' non-uniform but also quite unsymmetric, due to the grating blaze and

spectral responsivity of the photomultiplier. This is shown graphicé.lly

in Fig. IV-3, whekre theoretical grating efﬁciency is taken into account,
al?ng with Fabry lens transmission,spectral responsivity((amperés per watt)
of the ASCOP 541F -08 tube, and linear vignetting of the-field. The curve

is fér Spectrometer 2 at the nominal wavelength of 15002.; Obviously,
spurious radiation from off-axis targets will differ in wavelength from the

nominal value, and this is shown in the second set of abscissas in the figure.

-Figures IV -4 and IV-5 show how the curves change when the grating is

rotated to its two extreme positio#s. Figure IV-6 is anaiogous to Figure IV-3
excefzt that it is for Spectrometer 1.

It must be emphasized that these curves are theqfxtetical and are
used only to illustrate the nature of the problems involved. | They do not
represent measured values of gratingefficiencies.. Theix; shortcomings are
evident in that no energy is shown reflected into the zero order. Spectral
variation of detector' response and grating reflectivity ha&e also been omitted,

All these factors (except vignetting) are lumped together in a pre-flight

* absolute calibration of both instruments, Wit'the field of .view problem still

remains after this calibration.
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C.  ELECTRONICS

&
o

i, . Slit Width Selection

For :Spectrornete‘r No. 1, oﬁe of two slit widths may be
selectedf/providing a bandwidth of 203 or ZOOX, while the selectable widths
for Spegtrometer No. 2 are 108 or 1008.

The slit width mechanism is a two position device with a
éémr;li:ttafér .to.p.r;v‘ide‘ a digital status output, and is. controlled in the
same r;anner as the Stellar field stop aperture mechanism. See Section
II.C. 1.

f

+2. | . Grating Angle

/ The grating drive control circuitry is such that any number
of steps from 1 to the full range of 100 may be scanned. Each step is 208

o} o
in length for Spectrometer No. 1, covering the range of 2000A to 4000A,

: o o
while Spectrometer No. 2 covers the range of 1000A to 2000A in steps of

108 each. Operation is unidirectional until a new command to reverse
direction is initiated. An end-of-travel signal occurs at the stops at either

extreme position of the grating level. This signal electrically inhibits

further stepping attempts and switches the readout control circuitry back

to Mode A for the completion of the readout cycle. The readout modes
are covered in more detail in Section VII.

A commutator attached to the grating drive . generates four
digital status signals occurring about 25 steps apart and defining which

quadrant of the 100 step scanning range is being scanned, and by noting
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when this status data changes three specific wavelengths may be identified
(within a tolerance of not more than one step). The end-—vof*travel s‘cop@
identify two more wavelengths.

Input commands contain information as to which Spectrometer
is to be used, which direc‘tion it is to step and the desired number of steps.
This command, in conjunction with timing signals generate a grating start
éignal whichv is applied to the propér ﬁotor drive circuits causin.g the motor
to step one step. Upon completion of the selected exposure (8 or 64 seéonds),
and if more than one step has been commanded, the Readout Control applies
the sedond start pulse, which results in another step, This sequence
continues until the commanded number of steps have been Vtaken or an end-

of-travel signal occurs, at which time the Spectrometer drive stops awaiting

a new command.

3. Data Measurements Circuitry

The data measurement éirguitry for the two Spectrometers

is similar to that of the Stellar Photometers. Spectrometer No. 1 contains

an EMI photomultiplier tube assembly, while Spectrometer No. 2 contains
an Ascop assembly.

- The pulse measurement circuifry is the same except that
the two Spectrometers share one measurement counter which is gated to
the Spectrometer selected By the input command, Also, only the 8 and 64

second exposure times are used.
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The analog measurement circuit is of the same design as
that used in the Stellar Photom.eters, with the exception that only two
sensitivity ranges are provided: 108 and 10-9 amps full scale, It should
be noted that analog data is available continuously. from both Spectrometers,
while digital data is available ffom only one Spectrometer a.tva time.

D. SUMMARY OF ALL OUTPUT DATA AVAILABLE FROM THE
SCANNING SPECTROMETERS

All output data which is obtained from the two Spe‘ctrometers is
reviewed below. All Spectrometer digital data is contained in digital output
words No. 3 and No. 4.

) ' Spectrometer output data may be divided into two classes:
photometric measurement data and status data.,

1. Photometric Measurement Data

a. Digital Photometric Data

- This consists of an eight bit measurement (full scale:
28 (= 256 units) occupying bit positions 18 through'25 in digital output word 3
. with bit position 18 containing the least significant bit.

b. Analog Photometric Data

The analog photometric measurement has an output
: {roltage range of 0 to 5.06 volts and this is ultimately digitized in the
Spacecraft for subsequent telemetry into 28 (= 256) units, for a .0198 volt
unit of resolution. The taf)le below shows, for each of the two analog

sensitivity ranges, the averaged dc PM anode current required for full
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scale and for one unit of resolution. The sensitivity ranges are expressed

E23

in terms of the corresponding digital exposure.

{ Full Scale Unit of Resolution

Sensi£ivity Range Amps Amps
8 second exposuré | 10'8 | A 3.9x 10-11
64 second exposure 10°9 I " 3.9x 10-12
2. ~ Status Data |
a. Spectrometer Selection Status

This information is presented in bit position 1 of

- digital output word No. 4 and is used to correlate the digital photometric

+ ;

reasurement data and the balance of the status data to the proper

i
1

Spectrometer.
Selection Word Bit Position 1
Spectrometer 1 ' 1
Spectrometer 2 o 0
b. Wavelength Band Status

This information is presented in binary coded form

in bit positions 22 and 23 of digital output word 4. - -

Spectrometer 1 ' Spectrometer 2
Nominal Wave- Word No. 4 Bit Positions Nominal Wave-
length Band 22 23 length Band

2000A - 2500A 0 0 1000A - 1250A
2500A - 3000A 1 0 1250A - 15004
3000A - 3500A 1 i 1500A - 1750A
3500A - 4000A 0 0 1750A - 2000A
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c.’ Exposure Time Status

This information is presented in bit position 24 of

digital output word 4.

Exposure Time Word Bit Position 24

8 seconds ' ' ‘ 0
. 64 seconds . 1
d. Slit Position Status

This information is presented in bit position 25 of

digital output word 4.

Spectrometer 1 ‘ Spectrometer 2
Nominal Slit Width Word Bit Position 25 Ndéminal Slit Width
20A 1 ' ~ 10A
200A | 0 100A
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SECTION V

MISCELLANEOUS INFORMATION

A. PULSE MEASUREMENT CONSIDERATIONS

~To understand the purpose and function of the pre-counter,
consider the following. Because of limitations in the Spacecraft data
han@ling capacity, each digital photometer measurement is constrained
to eight bits of data, for a full scale of 2% (= 256) units of intensity, Also,
due to the essentially random time distriﬁution of.these pulses(random arrival
of photons, etc.), thé accuracy of the digital measurement must be
considered on the basié of statistical i)robabilities. For instance, if

A -8
one particular measurement completely filled the counter (i.e., 2

" counts per exposure time) the 63% confidence level for this measurement

would be ﬁ = 24, and therefore only four of the eight bits of the digital
pht)‘t‘ometer measurement Wouid contain significant data. If, however, a
total of 14 binaries were used td make this same measurement (with a
corresponding increase in exposure time), then for the full scalé reading

of 214 (= 16, 384) the 63% confidence level is VTZIZ: 27 (= 128), and certainly
the six (probably seven) least significant bits of this measurement could

be discarded, andl the remaining eight bits will contain essentialiy all the
signiﬁcan’t data inherent in the measurement.

Thus be placing a six stage binary pre-counter between the
discriminator and the actual eight stage measurement counter (and
adjusting the exposure time) the size of the statistical sample is increased
and greater measurement accuracy (i.e., a greater number of significant

bits) is obtained.



s

D

The table below shows the average pulse rates as seen at the
discriminator output for each unit of the digital output data, ard for a

8
full scale of 2 (= 256) units of digital output data, for the four exposure

times.A
Exéosure Time Pulse Rate per Measurement Pulse Rate for Full
: Unit (unit of resolution) Scale Measurement
1/8 second . 512 pps , ' 131, 072
Qsecond 64 16, 384
8 seconds 8 -' ‘ >2, 048
64 seconds 1 7 - 256

4

It is worth noting that digital photometric measurements gireater than
the above "full scale' can be made if some means is available external to the
counter of ascertaining the number of "dumps' (i.e., full cycles of 256 unitsi
each) ‘the( counter hés!made during the measurement. VThis might be determined
from the corresponding analog data, or perhaps Ey extrapolating from
another digital measurement: of the same target using a shorter exposure time.
There should be an essentially linear correlation between the number
of photons incident on the photocathode and the number of pulses at the
discriminator output. However, the exact ratié of these two cannot be
reliably d‘ete'rmined because of uncertainties introduced by variations in
the quantum effi&egéy and electron multiplication of the PM tube,. in the
gains of the p’re-amplifier and ac; amplifier, in the efficiency of the dis-

criminator circuit, etc,



B. DC MEASUREMENT CONSIDERATIONS

The Vanalog measurement circgit operation is described in Section II.
Except for the scanning spectrometers having only two sensitivity ranges,
all seven analog amplifiers are alike.

‘A small positive zero offset is provided to lessen the possibility of

the zero drifting to negative voltages (which cannot be accommodated by the

' Spacecraft A-D converter) during the expected orbital life and temperature

environment of the WEP, This offset voltage (approximating 0. 15 volt) is
provided by matched selection of the electrometer tubes and of the screen
grid resistors.

Measurements made with the seven analog amplifiers of the Flyable

' WEP show that none of these zero offsets changed by more than 0.1 volt

through the temperature range of +25°C to -45°C.

The dc amplifiers have an operational amplifier configuration and

 therefore are inherently linear between the limits of the zero signal (offset)

voltage and the maximum usable output voltage.r Measurements have verified
that this linearity is at least better than %0, 5%.

The over-all gain of the analog photometric measurement channels

vary with temperature. Factors contributii;g to this are as follows:

1. - The feedback resistors must of necessity have very high resistance
values (up to 5,000 megohms), and resistors in this range always
have large and irregular temperature coefficients. As the feedback
resistor is the main gain determiﬁing element of this amplifier

design, the over-all amplifier has a similar temperature coefficient.
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f
Laboratory measurements show changes in resistance and of

e amplifiier gain of 6 to 20 éercent over the range of temperatﬁres
from fés°c to -55°C.

2. / It is known that the over-all radiant sensitivity of a photo-
multiplier'tube isAtemperature-dependent, but to- date, no cali-
bration data speciﬁcall.y related to temperatﬁre dependence has

, Been tak‘en on the flyable tubes. However, the variations appear
to be in the order of tens of percent over the anticipated temperature
range.

It is plyé.nr}ed that calibration measurements will be performed on the entire

WEP; using the temperature‘and vacuﬁm optical facilities at Goddara Space Flight
Center some time before launch, | at which time an addendum to this document
may bé issued.

C. GENERAL STATUS DATA

The temperature at threé places in the experiment and the oﬁtpu;c ‘voltages
of all three dc-dc éonverter systems are continuously monitored, and the resulting
anélog information is fed directly to the Spacecraft where it is converted to digital
form and stored for later transmission to a ground station.

Since the Spacecraft A-D converter will digitize only voltages between
0 and +5.06 v, some of these parameters must be shifted in range before being
fed to the Spacecraft. For the +10 é.nd +15 volt supplies, this is provided by
simple voltage dividers, and calibration curves with positive slopes result.

See Figs, V-1 and V-2, For the negative supplies (-10 volts, -15 volts, and

~2500 volis) the status must necessarily be referenced to a positive voltage,
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and the resulting circuits producing families of curves with negative slopes.

b
T

These curves and cii:cuits are shown in Figs., V-‘3,; V-4, and V-5, respec;cively.
Iﬁ the case of the -2500 volt supply, the impedance of the voltage divider was
necessari{y very high, and an impedance transformation was necessary to avoid
loss of agcuracy due to excessive loading of the status data circuit by the A-D

converter., This is provided by a temperature compensated emitter follower

circuit, !
{
]

'i‘emperature is sensed at three places in the WEP by'thermistors. One
of these is located in the Control Electronics Package, one near the middle of
{:he Primary Structure and one on the top flange of the Nebular Module., Families
of curves for these are provided in f‘igs. V-6, V-7, and V-8.

" D. POWER AND FUSING

The primary power for the WEP is obtained from the 28 v 2% Spacecraft

power supply. In the WEP, this 28 v is directed to the following circuit areas:

(1) The 10 v dc-~dc converter system

(2)> The 15 v dc-dc converter system

(3) The HV dc-dc converter system

(4) The energy storage capacitor system.

The heart of the 10 v dc-dc converter 'system consists of a redundant
pair of dé-—&c converters, either one of which is capable of supplying the total
WEP requirements for +10 and -10 v power, and only one of which is used at
a time. The system also includes suitable digital logic and relay switching

circuits such that in the event of a suspected failure of one of the converters,

the other may be switched into use via ground command. This system is
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located physically in the Control Electronics Package,
The +10 and -10 v power is used extensively in the a-c amplifier and
motor drive circuits of the Prime Instrument Package. It is also used.as

reference voltages in the temperature sensor circuits,
The 15v dc-dc converter system also contains a redundant pair of con-

v-erters, switchable by ground command. This system is located on the underside

- of the primary'stfuctur'e in the Prime Instrument Package and supplies power to

the analog am‘plifiers and to some of the:"analog status data circuits.

Like the two systems described above, the HV dc-dc converter system
contains a redundant pair of converters switchable by ground command. Each
converter’is capable of delivering 165 microafnps at -2500 v with a regulation of
0. 1‘% for anticipated line, load, and orbital temperature variations. The steady

state load is 140 microamps. This system is also located on the underside of
the primary structure, .and is used only for the photomultiplier tubes.
| The energy storage capacitor‘ Syst.em consists of six esse'ntially identical and

electri.cally independent sets of éépacitor banks, as shown in Fig. V-9. These are
charged from the 28 v line, and furnish the relatively high peak 28 v power which
is necessary to drive the various motors, solenoids and relays, and which'is not
available directly from the Spacecraft. One of these banks, of 2400 microfarad
capacity, is used with each of the four stellar photometers. Onei bank of the same
size is used for the two spectrometers (only one of the latter may be operated at
a time.) The sixth bank, of 3000 microfarads, is used for the ne.abul-a'r‘ photometer,

Each bank is provided with a redundantly fused current limiter circuit

to limit the charging current drawn from the Spacecraft to an acceptable value.



In addition, each capacitor within the bank is also fused and is isolated with diodes
so that the shorting of one capacitor will not affect the operation of the balance of

v,
H

the bank. o L

e

" Since all actuators are of the pulse type,:,andifhgﬁc.ommands are limited to

s . U 4 ’ )
s PR T
a maximum rate of one per second, the storage cir€uits will supply the necessary

’

power and then recover before the ;{é;ct c;);rnm'énd éép‘ea‘f_s.
" In addition to the capacitor bank fusing de scribed above, the 28 v input to
each of the six dc-dc converters is indgpéndently fused, and both the +10 v and the
-10 Vrinto each of the seven telescope modules is independently fused. All fuses
consist of redundant pairs (or threesomes) of fuse elements, connected in parallel,
_ aﬁy- one of which will safely take the full anticipated load. Th-e?28 v line is not
f.use‘d in the Spacecraft. | |
- The total power required for operation of the entire WEP is as fo;lows:
(1) Standby power (i.e., no mechanical actuati?ns) is 7.6 watts.
(2) Peak power dufing execution va commands involving mechanical
actuations is 20 watts, décaying exponentially to standby with a
250 millisecond time constant.
(3) Maximum power required for execution of commands, averaged
over one minute is 9.5 watts. (No_te: Commandjs cannot be issued
from Spacecraft storage more frequently than one per minute.)

(4) Turn-on surge power is 50 watts p’eak',: decaying exponentially

to standby with a 250 millisecond tif-rye. constant.

-
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| SECTION VI

i ’ ﬁ CALIBRATION OF PHOTOMETERS

i ' '
(This Section will be prepared by the Space Astronomy Laboratory

and inserted at a future date.)
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SECTION VII

OPERATIONAL USAGE

A, MODES OF WEP OPERATION

The modes of operation of the WEP are directly associated with

the primary instruments to be utilized for any given measurement. Each

" mode (and/oi instrument) is commanded with, and controlled by, the EOC

line on which its command aﬁpears‘. "The OAO-WEP command codes utilized

in each of these modes and the coded operation function associated with each

" EOC line and each bit on that line is shown in Fig. VII-1.

»Mode A is assoqiated with operation of thé four StAell‘ar PHOtometers
and thé normally uéed commands for these instrufnents. Mode A commands
are received via EOC line 1, 2, or 3. Mode B is associatéd with operation
‘of the Nebular Photomgter. Mode C 1s associated withAc.)pe:rati;n of the
Sc;anning Spectrometerst Mode D Vis.the colnlimation and aperture control
mode of operation normallylr used only in early flight orbits for minor re-
alignment of the four Stellar-Photometers to the Spacecfaft aiming axis.

An "Experiment Analog M_ode'.' causes repetitive‘readout of the experiment
analog data frame until a new Command Enable signal is re;:eived. EOC-

line 13 is utilized for routing commands to a power supply switching circuit

when it is desired to change any of the WEP internal power supply sources. -

B. DATA FRAMES AVAILABLE

Fifteen analog channels are made available by the spacecraft for

the WEP analog output data. A single frame of this data is identified in
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Fig., VII-2. This data may be synchronously sampled by Experiment

-Data Handling Equipment (EDHE, located in the spacecraft) during real

time operation. Howevef, in the normal "'stored mode'" of operation, ti
WEP must provide a Store Analog command to the EDHE for the 15-worc

frame of WEP analog data (Experiment Analog) to be read into the

Spacecraft data storage.

.WiécénvsAi'n‘ Ekperiment digital output data is formatted into four
25 bit words as shown in Fig. VII-3. Here again, this si’ngleﬂframe of
'four digital words may be synchronously sampled by the EDHE. Howev-
d_tie tc‘J the natu;e of the asynchronous times of data availability an@ the
limited caP?city of data storage, the normal mode of opération requires
that t;he Exberiﬁent program these daté. words to the data handling equiz::
Thus, fo.ur Store Digital Word lines are available to the Experiment, on-

s-tor.age' of each digital word. The WEP itself requires that these word:

- sampled as a group (although not at the same time) and consequently the:

words are classified as an Experiment Digital (ED) word frame.
Since it is required to know where the Spacecraft is -pointing {(and '

where the instruments are pointing,)the Experiment is capable of

"programming a 64-word Spacecraft data frame which includes Spacecra::

gimbal pointing:angles, This data frame is designated Spaceéraft statu:
data. It is programmed into storage by the Experiment through the

Spacecraft Data Handling Equipment (SDHE).

VII-2



"A further word pair may be programmed by the Experiment from
the EDHE. These two words identify  the data sourée, the time of data
" entry, and the mode of Spacecraft programming operation. This word

pair is identified as PC or Program Code word pair.

C. READOUT CONTROL

The readout control portion of the Control Electronics syétem
p‘erfc.J,i'msl the programming of the output data wéfds, frames and
sequéncés of framés during the stored mode of Spacecraft dpe'ration. The
selected mode of operation of the WEP determines the sequence of data
frames. Fig. ._VII-:?} shows the data frame sequencés available for each
mode. - Both Mode A and Mode B cause six sets of Experimen.t measurement
data to iae brackete;i bY.Spacecraft pointing aﬁ‘gle data. The PC word pair
is also included for idegtiﬁcation. The Mode C data sequence is related
to the number of grating steps commanded for the Spectrometer grating.
Examina,tior‘lv of the WEP readout ckontrol logic diagram (Fig. VII-5)
will illustrate how the data sequences are generatéd. When the Mode A
control is used, EOC 1ine A initiates a 6-second délay which in turn causes
" the WEP to send a Repeat Command to the spacecraft, Digital start
exposure signals are also sent to each instrument's exposure time
generator at the end of this 6-second delay. As a result of the Repeat
Command, the Spacecraft data handling énters the SS data into the Spacecraft

data storage, and upon completion of this entry gives the WEP a Program

Complete signal. The WEP uses this to generate a Repeat Sequence Start
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command, which causes the EDHE to enter PC data into E:‘opacecraft storage.
At coméletion of PC data entry,A a Store Mode Ready signal is sent to the
WEP enabling a flip flop controlling the entry of ED éata. As each Photo-
meter exposure time generator completes its exposure time, the d}gital
word containing that Photometer's measurement data is stored in the
\~Spavcecraft data storage. Upon cor;npletion of a._ll four exéosures, the ED
control flip vﬂ'o'p is reset, and a Store Analog signal is slent to the EDHE.,
The EDHE enters the Experime;'lt Anaiog (EA) data frame and returns an
Analog Cycle Complete signélr ’-I'h'i's’ completes one fneas:urement 'cyclie.
"The Repeat Experiment signal re-initiates the four Stellar Photo-
meter exposure time generators. After a short delay the f).elayed Repeat

Expefiment signal re-enables the ED flip flop. Each photometer Exposure

Complete signal causes its associated digital word to be stored, yielding

'. the second frame of ED data. The completion of all four photometer

exposures causes the ED flip flopvto be reset and the second Store Analog

- signal to be generated. This causes the second set of EA data to be stored,
thus completing measurement cycle number 2. Wh}le in Mode A, this
complete ED, EA operation repeats until six measurement cycles have been
taken. Upon reaching measurement cycle count number 6, furtber Repeat
Experiments afe inhibited, a Repeat Command is generated (entering SS
data into storage) and the Program Complete sig'nal is inhibited. This
latter action p;_‘ohibits conti.nuation of the data readout sequence, and thus

ends the Mode A entry of data into storage.
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~ An alternate operating procedure is available as an option in Mode
A, referred t.o as fi‘lte-r:cycling. It is similar to fthe above except that all
Stellar filter wheels are stépped one position at.the end of each readout, so
that the six successive measurement cycles are taken on the following
sequence of filters for all Stellar;: '1, 2, 3, 4, 5and 1. In this manner a
complete spéctra.l scan, using all Stellar filters, can be made on a single
>tér‘get .with'in a relatively short period of time. The command codes
necessary to initiate filter cycling are shown in Fig., VII-1.

When a Mode B command is transmitted readout control operation
is identical to that of Mode A with two notablé exceptions.' The first is
‘that a separate six second delay circuit is used to initiate tﬁe start ‘o.f all
éxpos{u-e time generators, and the start of the readout sequence. The
 second difference is that the Nebular Exposure Complete signal controls
tbe. time of the Store Digital Word number 1 and number 2 signals. If the
Digital Word'numbers 3 ana 4 have not already been stored by a Stellar
Photometer 3 or 4 exposure comple‘te, the Nebular exposure complete
signal causes these words to be entered as well as words 1 and 2. The
logic was set up this way since (a) all Nebular photometer ipformation is
contained only in digital words 1 and 2, and (b) since the Nebular is the
prime instrument of interest in Mode B, if should control the maximum
timing of each complete measurement cycle, The mechanization of this

readout control logic is obtained through setting a flip flop in the Nebular

‘Mode Register whenever a Nebular command is issued. This flip flop is
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set by bit 30 on EOC line B and reset by j?he leading edge of the Command
~Enable signal, |
When-operating the Scanning Spectrometer using Mode C the same

‘Readout Control logic of Fig. VII-5 is used. In this case, the readout
sequence and start of all exposures is initia{:ed by a Spectrometer start
signal. This signal is time coincident with the trans.r;lis sion of a Mode C
corn.rr-land”since no 6-second délay for f.ilter ope‘:‘l-'ations is required as is
the case in the Stellar and Nebular Photometers. Bit number 31 off EOC
line C command codes provides this Spectrometer start signal, Bit
"number 32 on the same EOC line C causes a flip flop to be set in the
Spectrometer mode register. ~This flip ;ﬂop allows the Spectrometer
.expo;ure con;plete to control the.entr.y of digital w?rds 3 and 4 into storage
and also. allo;}s the Spectrometer exposure to control the maximum time of
each rﬁeas urement cycle.- | Further, when this FSpectrometer mode flip

v

"ﬂop is enabled, measurement cycle count number 6 is prohibited from

accomplishing its normal function. This results in measurement cycles
continuing until both the Spectrometer mode flip flop has been reset and the
‘ , . : 1 ==

hj
measurement cycle counter has reached a count of six again. The reset of

" the Spectrometer mode flip flop is accomplished when the Spectrometer

reaches its commanded number of steps or when the Spectrometer grating
reaches either end of travel. The result of the reset of the Spectrometer
mode flip flop is to set the readout control back into Mode A for the

remaining measurement cycles. Since the measurement cycle counter is
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a three-stage binary counter with a total count capability of 23 or 8, it is
possible. for a maximum of seven Mode A measurement cycles to occur
following the end of Mode C controlled measurement cycles. Since during
Mode C the measurement cycle counter counts each Spectrometer
measurement cycle and for each Spectrometer measuremeﬁt cycle there is

one Spectrometer grating step, the exact number of total measurement

lc‘ycles to expect can be detetrmined from a knoWledge of the number of

grating steps taken (i.e., either the number of grating steps commanded
or the numhber to its end of travel.)

One programming restriction on the spectrometers does exist in

%

" ‘order to avoid garbling the Mode A data and the SS data following the

Mode.C controlled data. This restriction is to avoid commanding the

- Spectrometer to step a number of steps which will leave the measurement

cycle counter at a count of 6 or 7 when mode switching occurs. The

Sbectrometer does not confrol the readouf for its last step and therefore
the number of Mode C measurement cycles is one less thaﬁ the number
of Spectrometer steps. Typical quantities of step.s to be avoided are thus
7 and 8, 15 and 16, 23 and 24, 31 and 32, 39 and 40, etc. This number of steps
is thus 8 x n and 8 x n-1, where n is any integer from 1 to ;12, inclusive.

A further word of explanation is perhaps in order régarding the number
of steps the Spect;ometef will take for particular input step commands. It
may be observed from the coding chart for Mode C, Fig. VII-1 that to step the

grating to any position, a binary number must be inserted equal to 128 minus the

desired number of steps. Thus, if 3 steps are required, a binary number of 125
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would be inserted. This will yield spectrometer- or Mode C~controlled
rea'douts. on the first and second grating positions away from its original
poéition. The Spectrometer will go to the third position but Mode A will
control-the readout for this position. If all ones were to be entered in the
grating step positioné'kbig\ (a binary number equivalent to 127), this would
cause one step to be taken with no. Mode C-controlled readouts. The entry
of all zeroés would inhibit any gfating Steps, and readouts would also be

under Mode A control.

It may be determined from the readout control logic diagram of

. Fig. VII-5 that the readout control operates in Mode D just as in Mode A

-

provided that bit number 3 is included in a Mode D command. If bit

number 3 is not included, the appropriate commanded aperture and

collimation changes will occur, but no readout will be obtained.

A portion of the Experiment Analog (EA) Mode is shown on the
réadou’c control logic diagram, Fig. ViI—S. The logic for thisAmode
consists of an AND gate for bit time 30 and the EA Mode code line, the
output of which sets an EA Mode flip flop. The set output of the EA Mode
flip flop is AND gated with a 1 pps timing signal which, in turn, causes a
Store Analog signal to be repetitively transmitted to the Spa;cecraft EDHE

at the 1 second rate. The EA Mode flip flop is reset only by a new

' Command Enable signal, The logic for the EA Mode was set up such that

it bypasses almost all of the readout control logic. It thus provides a
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backup means of obtaining significant data should major portions of the
readouﬁ control fail..

A summary of the controlling instrument expésure time for read-
out of each digital word for different .modes of opez;ation is presented in
Fig. VII-6. The readout control logic shows that whenever any one

exposure time generator gets a start exposure command, so 'do all exposure

- - time generators. Consequently, correct digital data may often be obtained

for instruments normally associated with another mode. In general,
digital data for the non-primary instrument will be correct if its exposure
\time is equal to or less than the exposure time for the primary instrument
controlling readout of its 'digital word., The Scanning Spectrometer digital
exposﬁure will run its most recently programmed digital exposure correctly
regardless of repetitive Start Exposures cause.d by primary mode

measurement cycles. Consequently, the digital measurement appearing

~for the Scanning Spectrometer when operating in a mode other than Mode C

may represent data caught "on the fly' rather than correct measurement
‘data fc;r the exposure time indicated in the digital sta’cué. Thus,
successive measurement cycles with timing intervals less than the
‘exposure time of the Scanning Spectrometer should illustrate a buildup
of Spectrometer data towards the limit of its preset exposﬁre time. A

similar situation does not exist for the Stellar and Nebular photometers

when in their non-primary modes. For these instruments, receipt of

additional Start Exposures during a previous exposure may stop the original
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’escposx'ire, but nof restart the exposure until the next start exposure.
Caref.\:‘l. analysis of sequential sets of measurement cycle digital data
can generally reveal what the non-primary instrument digital measure- |
ment data truly represents. However, when the non-primary instrument
digita] exposure exceeds that of the primary iﬁstrument, extreme care
musAt be used in the data analysis,

The time between start ;)f non-filter cyciing exposures (and thus the
start of successive measurement cycles) is dependent on the mode of
operation and thus upon the exposure time commanded for the primary
\instrj,lrne‘;lt of the selected mode. This time between start of non-filter
cycling t’axposares is as follows:

a. Time between start of successive 1/8 second exposures
is 1 second (where all exposures of the mode of operation
are set for 1/8 Asecond).

5. ‘ Timé between start of successive 1 second exposures is
2 seconds.

c. Time between start of successive 8‘ second exposures is
9 seconds. .

d. Time between start of successive 64.second exposures is
65 seconds.

» The analog data for each instrument is alwéys correct and in

agreement with the gain status indicated, regardless of the mode of operation.

The time between successive samples of analog data in any mode other than
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the EA mode, is the same as the time between start of successive

exposures,

- D. TYPICAL SINGLE OBSERVATION PROCEDURES

In order to summarize the observational procedure utilized in
controlling the WEP, a discussion of the programming for a typical Stellar
Photometer observation is presénted. To simplify this discussion, several
assumpﬂons ére made: )

1. - The Spacecraft is in orbit a;ppropriately oriented on the
selected star to be obseryed and using selected guide stars

> as a reference in inertial space.

2. The Spacecraft is within line -of sight of ;. vground control
station, and the S'pacecraft telem>etry receiver has been
commanded on.

3. It is desired to enter commands into Spacevcraft storage for
éubsequeﬁt WEP usage (i.e., the Stored Mode of Opération).

4, . Appropriate operational constraints discussed in a
subsequent section have previously been observed.

Commands are issued to the Spacecraft in 32 bit word pairs. The

first of these is utilized 5y the Spacecraft. The second cémmand word is
entered into Spacecraft‘ storage (in the Stored Mode) and at the proper time

Will be presented to the Experiment on an Experiment Operation Code (EOC)

line,
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.Thé structure of the first command word is shown in Fig., VII-7
as paft of the OAO Commaﬁd Format. Since a stored command word
is desired, the real time mode control bit number 3 is selected as a
binary ZERO. Bit number 4, 5, énd 6 are selected binary ONE, ONE,

ZERO, respectively, to indicate the second word is an Experiment

. operation code. Bits nine through eighteen are selected for the time

aftef clockAreset at which it is desired to issue the second command ‘
word from étorage to the Experiment. Zero time has presumably been
reset during the line-of-sight comrrlunication with the ground control
;tation. Stored commands can be sent at any one -miﬁu:te increment

from time zero. Consequently, with 10 binary bits available, 210

or 1024 minutes are available. Bits 19 through 26 contain the address

. of the place in command storage that the command words are to be

sent. These eight bits represent any sforage address of the command
storage capacity of 27 or 128 command word pairs. Bits 27 through
31 provide for the selection of the Experiment Opefation Code line
over which the second command word is to be sent from storage to
the Ex.IJeriment. These five binary bits select one of the 22 or 32
code lines available. Only 13 of these 32 are available ifor thé WEP.
It should be noted that GAEC Spacecraft EOC line numbérs are not

the same as the WEP EOC line numbers. The conversion between EOC
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line numbering systemsk is given at the left edge of Flg VII-1, Care
must be taken in programmiﬁg to assure propervGAEC equivalent line
numbers are used for the EOC lines designated within this description.
Since it is hypothesized as desirable to make a complete spectral
observation on a single star, Mode A is selected. Command inputs to
Mode A Stellar Photometer control circuits must be made ove1: WEP EOC
lines ,1; 2, or 3, as. shown in Fig. VII-1. Lé£ it be fﬁrthef assumed that
no anticipated stellar spectral intensity variation is anticipéted over an
observation time period of approximately 20 minute§, that redundant
storage of each measurement cycle is desirable, and that it is desirable
to.match digital exposure time {which is also analog gain) to some roughly
anticipatéd iﬁtensity level for. each spectral band (filter position) to be
observed. Mode A operation without automatic filter cycling is best
adapted to eac':h of these conditions. The OAO-WEP Corﬁmand Codes of
Fig. VII-1 further illustrate that each of four Stellar Photometers may be
commanded to any one of their five filter wheel positions. Reference is
made to Fig. II-5 for the nominal wavelength passband available at each
filter wheel position. The sequence of wavelength selection is left to the
option of the Experimenter. However, it is considered good practic.e to
sequence all filters in the same numerical order, e.g., 1, 2, 3, 4, 5,

and 1. This practice is established largely by a desire not to have more
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than one dark slide or more than one 'calibr.ation source obscuring the
optical path at any one time. Thus, a failure of the control system would
still allow significant measurement data to be obtained. No dark or
calibration slides are preseﬁt in any Photometer's filter pbsition number
one , since (a) it is a more probéble position for certain types of equipment
'faiiures,' (b) it is a position fOrv which data is more often taken, and (c) it
makes a significant data position in which to leave the Stellar Photometers
when another iﬁstrument (or mode) is being utilized.

., Having selected the sequencé of filters, one must also select the
exposure times for each position. Recalling that 1/8 seédnd is the shortest
‘digital exposure time, and thus the lowest analoé gain, an estimate of the
relative intensity of the observed stellar object must be made for the spectral
band of obsefvation. The Experimenter would presumably make use of
'enclosed calibration data,A relative magﬁitude data of the star, and any past
UV observational data available on this object or anticipated similar objects.
Bérring any of the latter, a certain amount of tri:al and error would appear
required.

A shorthand code has been set up for designating eﬁxposare times
and filter positions. "E" designates exposure time and 1, 2, 3, and 4
designate respectively, 1/8, 1, 8, and 64 seconds. "F' designates filter
position and 1, 2, 3, 4, a;}d 5 designate the five filter positions.‘ Thus, a
typical second word OAO-WEP command for the conditions previously

described would be written:
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A Mode A, non-cyclic
Ph: 1 E2 F1
Ph., 2 E3 F1
‘Ph. 3 E2 F1
/ Ph. 4 E3 F1
This s/econd command word would be coded by means of examination of
Fig. YII-1 WEP code chart. The particular code for the selected command

S .

is shown 1n Fig. VII—8.along‘with the set of anti'cvipated data which wquld
resu{t from this command.

An estimate of the time requi;ed for the execution of this command
must be magie. A time sequence cha‘rt for this command is shown in
Fig. VII-9. Since all data from this command will be stored ‘in less than
two minutes, it is safe to iséué a second word pair at the second minute
increment following the first command word pair. The first command
word (of the second pair) would be coded f‘or.the next available Spacecraft
command 'storage position, | It would include a time tag for execution of
the second WEP Command Word at the second minute increment after the
issuance of the first WEP Command. A typical second WEP observation
: comfnand would be
Mode A, non-cyclic

Ph. 1 E3 F2
Ph., 2 E2 F2
Ph., 3 E2 F2
Ph. 4 E3 F2

This command would be coded as shown in Fig. VII[-10. The anticipated

output is also shown in this figure. Again, an estimate of the time required :
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for the execution of this command is necessary. Since the maximum
exposure time is again E3 or 8 As'econds, the total time will be the same
as in the lﬁrst sequence. Consequently, the next word pair éhould not
be issued until after a 2-minute wait. Typical command word pairs
necessary to complete the hypothgsized complete stellar spectral
observation. are as follows:

»

Word Pair 3

. First Word: stored, EOC line 1, Execute 2 minutes after
Pair 2, next available storage address.
Second Word: Mode A non-cyclic
Ph. 1 E1 F3
Ph, 2 E3 F3
Ph. 3 E3 F3
Ph, 4 E3 F3

Word Pair 4

First Word: Stored, EQOC Hne 1, Execute 2 minutes after
_PLa.ir 3, next available storage address.
Second Word: Mode A non-cyclic

"Ph. 1 E3 F4

Ph. 2 E3 F4

Ph, 3 E3 F4

Ph. 4 E3 F4

Word Pair 5

First Word: Stored, EOC line 1, Execute 2 minutes after
Pair 4, next available storage address.

Second Word: Mode A non-cyclic
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Ph. 1 E3 F5

Ph. 2 E2 F5
"Ph. 3 ELF5
Ph. 4 E3 F5

Word Pair 6

First Word: Stored, EOC line 1, Execute 2 minutes ai:
Pair 5, next available storage address.
Second Word:
Ph. 1 E2 F1
Ph. 2 El1 F1
Ph, 3 E2 F1
Ph. 4 E1 F1

This_ woild complete the Stellar Photometer Spectral observation.

-

Approximately 15 minutes would have elapsed following the issuance «

first command word. Each command would have entered 184 25-bit

-words into data storage (64 SS, 2 PC, 6 sets of 4-digital and 5 analog

méking 54 experiment words, and another 64 SS words in that order;.
tétal number of data words stored for these six input command word -
would thus be 1104.

Since some time in orbit is remaining and ’some data storage -
is left in the 4096 redundant data word storage, the Experimenter m-
desire to make a backup Scanning Spectrometer reading on .the same
object. The Scanning Spectrometer is controlled in Mode C. The
coding capabilities for Mode C are shown in Fig. VII-1, WEP cod«
9, 10, or 1l'may be arbitra;rily selected. The following assumptio:

be made for the programming of this observation:
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The far UV is of primary‘ interest and therefore
Spectrometer No. 2 should be selected,

It has l;een ascertained from previous status data that
the desired slit width is in place.

Appropriate analysis had shown that a complete sweep
of 100 steps of the Spectrometer at a 64-second exposure
woﬁld take over 100 miﬁutes, which, during a pbrtion of
the orbit, would align the instruments looking back at the

sunlit earth, This would be contrary to the subsequently

- discussed design constraints. Thus, an 8-second exposure

is selected which can complete the 100 steps in 15 minutes.

The 8-second gain is not the highest but will be presumed

satisfactory as a first pass and in view of the backup nature

of this Spectrometer observation.

Previous obéervatioﬁal data or programmed commands"
have been utilized to determine that Spectrometer No. 2

is at its 1000.2 limit. To proceed towards ZOOOX, a Reverse
Command must be given.

Since it is desired to step the grating to the 20008 limit,
through all available 100 steps, a grating step command of
100 or greater fnust be entered via Mode C. Under these
conditions, tile Spectzbometer will automatically stop upon

reaching its end of travel.
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;‘;The particular second command word to accomplish these hypothesized
object{\hfes is shO\;/n'in Fig. VII-11. The total time for the 100 steps would
be 15 minutes at é. 9 seconds per step rate (8-seconds exposure plus one‘
interve/ning second), The number of data words stored would be 1048,
(64 SS| 2 PC, ana I.D., 100 x 9 analog and digital words via Mode C, 18
analog and digital words via Mode A, and 64 SS, all in that order.)

Tﬁﬁs, a tofal of 30 minutes orbit time and 2152 data stc;rage words
would have been used by the sevenexperiment commands. Provided that
none of the design constraints are broken, the Experimenter might repeat
\the same ';Iviode C operation using Spéctrometer No. 1 to {ill out the backup
of the c;oi’nplete uv coverage. This would take 15 more minutes and aﬁother
10‘48 words, using up a total orbit time of 45 minutes énd data storage
capacity of 3200 data words. This would complete a typical single observation
using the WEP.

Subsequent commana word pairs would likely be used to slew the
Spaceéra_;& to a new star. The first command wq;'d would be identical to

i

the first word used for WEP commands except that different operation code

 bits would direct the second word to the appropriate Spacecraft subsystem.

The control bits associated with selection of the EbC line number would
also assume a different meaning dependent upon tHe operation code selected.
The second command word bit ‘control function is also completely dependent
upon the operation code or Spacecraft subsystem selected. The detailed

ijrograrnmi.ng of these Spacecraft subsystems is beyond the scope of this
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Experiment Description. Reference should be made to the OAO Spacecr:.
Handbook, or to a Spacecraft Programming Interface Document which is in
preparation but is not available at the time of this writing. The cu;‘fently
anticipated OAO second command word format for Spacecraft subsystems :

included in Fig. VII-7 for general information.

E CONSTRAINTS ON THE USE OF THE WEP

A number of constraints are placed on the opefational use of the
WEP integrated with the Spacecraft, A brief listing and discussion of

these are presented in order that the Experimenter may avoid potential

‘problems.

1. ~ WEP Power Application

The application of 28 vdc power to tﬁe WEP is controlled by
command to one of the Spacecraft subsystems., This power should not be

applied during launch because the WEP subsequently passes through an

" intermediate vacuum, and there exists the possibility of corona discharge

off the" high voltage power lines. This would not necessarily be damaging

but should be avoided for safety.

2. - Readout Enable

When power is first applied to the WEP, it is possible somzc
unwanted data readouts will occur and also possible some wanted data re:
outs will not appear. Shoirtly after WEP power application; it is good
practice to issue a Mode B, El, Fl command including a Readout Enable

(""1'" in bit 24). This will set up the WEP so that it is capable of program
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data into storage. Up to 184 data words and 1 minute of time may be wasted
as a result of this c.omrnand, but it may prove worthwhile to precede each
major WEP observational sequence with this setup command. It is noted
that a readout inhibit Bit is availabl‘e in Mode B for use when other

experiments are taking data, when real time synchronous data is being

. taken from the WEP under EDHE control, and in potenfcial failure conditions

where it may be desired to assure that the WEP is not causing data entry
into storage. Entry of data into storage from more than one source at the
same time will cause garbled data to be stored.

*

3. Phototube Protection

It has been anticipated that damage to the phototubes may be caused

by excessive illumination. A sunshade is provided on the Spacecraft which

is designed to automatically start to close whenever the sun comes within

45° of the optical axis. The rate of closure of the sun shade and the slew rate
of the Spacecraft are such that the sﬁade should be closed when the sun is within
30o of the opfical axis. The shade will, of course, shield the WEP from both
the sun and any desired phenomena to be observed when the shade is in thé
closed position. This precludes the Experimenter from observing a large
number of objects located near the sun. The en‘cact level of phototube light
sensitivity to damage has not been determined. Consequently, it may be found
that the WEP éhould not be pointed at the sunlit earth or the moon. Presumabl‘y,‘

these questions will be shortly resolved, but a check by any new Experimenters
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on these potentiai time oriented pointing limitations should be made. As

¥

a further pointing'limitation, it is noted that the capability of jetifsoning

the sun shade is present in case of failure of the sunshade to open, In case
/ .
/ :
the sunshade has been jettisoned, great care must be taken to not slew the
/ . :

Spacecraft across the optical line to the sun.

4,  Filter Cycling

! The filter wheel drive mechanism has been designed to have
H

a useful life quite sufficient to permit a year's operation with as many filter

wheel cycling mode measurements as might reasonably be expected, and

life tésts have verified that this design is conservative. However, it would

~

-

be a wise precaution to not leave the Stéllars in the filter cycl.ing mode
(\; . indefinitely and without purpose while some other set of measurements are
being made (e.g., a long_series of Spectrometer measurements). Therefore,
it is recommended that the Stellars be left in the non-cycling mode when
' changing from a Mode A measurement to Modes B or C.

R EDHE Setup for WEP

Wheﬁ the WEP is to be used in its normal §tored mode of
operation (i.e., data is transngitted to Spacecraft s‘cora‘ge via EISHE), a
particular data handling command word must precede any WEP c‘b_mmand
to pr;)perly set up the EDHE Spacecraft subsystem. The 5ata 'Hz;ndling
Command Word pair must set the EDHE for Store Mode (as \;s Real Time

modes) and Asynchronous Mode In Store Mode (as vs Lockout Mode or other

Real Time Mode selections). Reference to Fig, 4-5 of the 15 April 1963
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revision to the OAO Spacecraft Handbook reveals that the second word of

. #
{ b (

the Da'.fa Handling word pair must f;hus have binary ONEs in bit positions
1, 2, 4, '8, and 15. This same handbook describes on pages 4-26 to 4-27
progr-a;'/rriﬁming restrictions regarding—use of the EDHE with(other Spacecraft
subsystems.  This information is pertinent particularly where it is
desir[d to use the WEP in real time when in line-of-sight with the ground
'statign. » Presumably, the total real time avaiiéble will only average 10

f :
minugtes each orbit., Consequently, what with other requirérﬁent‘s for this
time period, little time would be left for a WEP real time operation. These .
other reciuirements include establishing contact, setting up real time modes,
turning on appropriate Spacecraft transmitters, emptying Spa;:ecraft data
;(\ storage, entering new commands in Spacecraft command storage, resetting

. :

time zero, perhaps taking data from Experiments only capable of real time

operation, etc.

6. - SDHE Setup

~Care must be taken that the SDHE Spacecraft subsystem has
. been previously set up (via a data handling commaﬁd word pair) in the proper
condition for use with the WEP. This requires selection of Stored Mode
(as vs Real Time) and one output data frame (as vs continuogs, repetitive
rate, or four data frames). Reference to Fig., 4-7 of the 15 April 1963
revision of the Spacecraft Handbook will show.that the second word of the
data handling command word pair should have a binary ONE in bit positions

-

1, 2, 3, and 8. Bit positions 15, 16, 17, and 18 must be binary ZERO,
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Fig. 4-6 of the Handbook indica‘s:.es that words 1 through 26 will include
identification, time, and gimbal ‘Vpoi‘nting éngle data which are the main -

..._items of Experimenter interest. Pages 4-43 and 4-44 of ‘;he same issue
of the Handbook present SDHE programming restrictions.

7. Garbled Data

Garbled data are herein defined as any data sets which do
not follow the prescribed format. Garbled data from the WEP may occur

under the following conditions:

a. When the Experiment power is applied.
" b, | When the %10 v powerr supply is switched. v
C. When the University of Wisconsin c}ock is reéet.
d. ‘ When the readout inhibit bit is removed via readout enable bit.
e. | When a Scanning Spectrometer is commanded to a position or

limit which will leave the WEP measurement cycle counter at
a count of 6 or 7 when mode switching occurs. In this case,

only the data following the mode switching will be garbled.
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BIT NUMBER | 1 2 3|4 5 6 7 8 9 10 11{12 13 14 |15 16 |17 |18 19 |20 21 22|23 24|25
GaTE No. 1 | WORD LD STELLAR PHOTOMETER FILTER #|MoDE NFEE_‘;"EEQR E:SS;‘ o
- 2 59

(WORD N0, 1) | *TEY MEASUREMENT DATA NO. | POS. NO. | Er mu 1.0 | posiTion | Time |2%

1Y) >

GATE NO. 2 " " " = gy NEBULAR PHOTOMETER
(WORD NO.2) | 0O O | NO. 2 NO. 2 e |h2 MEASUREMENT DATA

& "
. -y " D m '

GATE NO. 3 ? S4:| SCANNING SPECTROMETER
(WORD NO.3)|O0 I O NO. 3 NO.3 |o #3 |x3 MEASUREMENT DATA

[37] 0o
sc| " “ < | STELLAR PH. fwlal

(WORD 'NO. 4) | |p| 1V I NO. 4 NO. 4 #a | 4l 2 3 4| BAND lap|ZF
COLLIMATION STATUS IS O WHEN AT A LIMIT SWITCH, OTHERWISE AT |
APERTURE STATUS: | = SMALL APERTURE, O = LARGE APERTURE.

SPECTROMETER 1.0 0=NO. 2, 1 = NO. 1 ]
SPECTRO EXPOSURE TIME! 0= 8 SEC. (E1), 1= 64 SEC., (E2)
PHOTOMETER MEASUREMENT DATA LEAST SIGNIFICANT BIT ON LEFT.

STELLAR EXPOSURE NEBULAR ‘ ‘
P Ea 5o rion X oMe MODE 1.D. FILTER POSITION A  SCANNING SPECTROMETER BAND
NOJ 12 |13 14 MOISTEL!15]186 MODEjIB |19 NO.|zoj21122 z SPEC. NO.| | 22 |23 | SPEC. NO. 2
Frlo] |1 Etfwd | 1] 3 0 Firlo || o|5 |2000-2500 | 0 | O | 1000-1250

Il < w
Fa| 1 |o] g2| 15|01 g8 |o]t F2i1 1011 zie |2500-3000 | 1 | O | 1250-1500
xio
F3|l o] o1 E3| 8% | 1 c |t1]o F3lo o 21, I|3000-3500 | t | 1 | 1500-1750
w
Fal1 |1 |0 E4| 645 | O p {o]o Faj1 |1 ]o & 13500-4000| 0 | 1 | 1750 - 2000
F5l o1 |0 NEE| 23|24 E.A|O0 O Fslo [t {0
reli jo]o
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OUTPUT FORMAT




MODE A
MODE B

MODE C

MODE D

EXP. ANALOG MODE

POWER SUPPLY
SWITCHING

ME

ASUREMENT CYCLE

SS

SS

SS

SS

EA

EA

PC

PC

PC

PC

EA

EA

|
EDEA

EDIEA

ED|EA

EDEA

EAEA

2 3 4 5
ED|EAIEDIEAIEDIEAIEDEEA

ED|EAEDIEAEDIEAEDEA

ED|EA|EDIEAED|IEAEDEA

EA| — e REPETI
| NEW COMMAND (

RODUCES NO OUTPUT

6
EDIEA| |[SS
EDIEA] |SS

ED|EA| —————~COMMANDED NUMBER
OF STEPS OR NO, TO END LIMIT
EQUALS THE TOTAL NUMBER OF
ED EA FRAMES, THEN SHIFTS
TO MODE "A" COMPLETION.

EDEA| |SS

IVE UNTIL
R SECOND)

FIG. YII-4 WEP SEQUENCE

OF OUTPUT DATA FRAMES
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EXPERIMENT DN STORE PC DATA
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FIG. XII-5 READOUT CONTROL LOGIC DIAGRAM
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‘ SHORTEST OF
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SHORTEST OF NEB.
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FIRST COMMAND WORD

BIT REAL TIME COMMAND STORED COMMAND CON-
NO. FIRST WORD FIRST WORD

| | REGISTRATION BIT (" REGISTRATION BIT ¢y __REGISTRATIC
2 TREGISTRATION BIT ("1™) REGISTRATION BIT ("I") _ REGISTRATH
3 REAL TIME MODE CONTROL BIT (| " REAL TIME MODE CONTROL BIT ("0

4 | NOTE
5 OPERATION CODE OPERATION CODE

6

r Y 77;;%;%25/—77927?

'8

a STATIC S
1o | -/

1y

12

i3 EXECUTION TIME

14 / m

15 V' /

16 /

V7 ’/ ’ B | N B
e l/// / EE (HOB) NOT
R4 : (HOB)

20

2t - i L

22 ADDORESS -
=3 77/ ]/ / DYNAMIC |
2a |/ -7 i : T
25 / / / . ES—
e/ / ‘ Zj ,
27 [ ,

28 GIMBAL ANGLE ATTITUDE OR GIMBAL ANGLE,ATTITUDE OR

29 EXPERIMENT SELECTION CODE . - EXPERIMENT SELECTION CODE

30 : ‘

31 ] ) :

2l 7/ 777177711 ////77/7777777

EXPERIMENT SELECTION CODE

ATTITUDE SELECTION CODE

81T NO.
27 28 29 30 3|

SELECT CHANNEL

BIT NO,
27 28 29 30 3|

SELECTED WHEEL

O O 0o O ©

EXPERIMENT OPERATIONAL
DATA CHANNEL NO.1

EXPERIMENT OPERATIONAL
DATA CHANNEL NO. 2

o 0 0 0 ©°

PITCH COARSE
INERTIA WHEEL

ROLL COARSE
INERTIA WHEEL

EXPERIMENT OPERATIONAL

YAW COARSE

DATA CHANNEL NO. 3}

 © 0 O O |"pATA CHAHNNEL NO. 3 ot ot INERTIA WHEEL
PN NP e
MW i i e
o o 1 1 1 |EXPERMENT OPERATIONAL .
DATA CHANNEL NO. 29
_ o 1 1 1 |EXPERIMENT OPERATIONAL
DATA CHANNEL NO. 30
o 1 1 1 1 |EXPERIMENT OPERATIONAL

EXPERIMENT OPERATIONAL
DATA CHANNEL NO. 32
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i

SECOND COMMAND WORD

CONTROL

ADDRESS TRANSFER

EXPERIMENT

GIMBAL ANGLE

REGISTRATION BIT ("1

REGISTRATION BIT (")

[TIET

REGISTRATION BIT (1)

REGISTRATION BIT U

REGISTRATION BIT ("1")

REGISTRATION BIT (1)

[T

"y
A
REGISTRAT \O_N__g_’r__g”l“)

(L /L LS

REGISTRATION BIT ("I")
A

A

/////‘}/////

o3
AR

f?‘*u

NOTE 4 (A) ]
(B) OPERATION CODE f
(c) L —T .
(D) /f/ AV, N |
I A A — (
STATIC SELECT (Ff)

(6) INNER GIMBAL ANGLE
(H) :
W) N : ,

(K) EXECUTION TIME

(L)

(M)

EXPERIMENTER’'S

//////7/L R
NOTE 4 (18) %4 (HOB) OPERATION CODE -
(19) A (HOB) ' o B}
(20) -
(21) o
{22) - ADDRESS B
DYNAMIC SELECT (23) B ‘
“ (24) OUTE T GIMBAL ANGLE
*(25) y I —
2) (7777 TT 77D - —
(27) 'y - B
{28) GIMBAL ANGLE,
T T (/29)/ ATTITUDE OR EXPERIMENT
SELECTION CODE
[/ v ’ —
/L LTV[d v Y i
[
e GIMBAL ANGLE
.Dt SELECTION CODE OPERAT!O!N CODE
BlT NO E Y 1458 | 1
I/HEEL 57 28 b9 %0 3| S%SAERLTFSXCE}?ER 4 B'TSNOG COAND TYPE
RSE 0 O O O O | STARTRACKER NO. | o 0 0 | GROL'." . (HCHRONIZATION
{EEL 0 © 0 O | STARTRACKER NO. 2 1 0 0 {conrsn
(SE 0 1 O 0 ©O | STARTRACKER NO. 3 o) i o) ATTITLLE ]
([EEL i I 0 O O | STARTRACKER NO. 4 ! ! 0 Ex-P'F" "NT v
E O O 1 O O |STARTRACKER NO. 5 0 0 | ADDHE " [RANSFER
{EEL ! e} ] 0 O | STARTRACKER NO. 6 1 0 ! wa .o "GLEE_ﬁu ]
0 1 I | DATE 2t DLING L
i | | NOT :
FIG. XXII-7 OAO COMMAND FORMAT




, DATE. 21 MAY |962
PAGE. IO

ECOND COMMAND WORD

GIMBAL ANGLE

ATTITUDE

| . GROUND
DATA HANDLING SYNCHRON [ZATION

) | REGISTRATION BIT ("t

HOH

REGISTRATION BIT (1)

REG!STRAT‘L{)N BIT( 1)

o

REGISTRATION BIT (1)

o

| REGISTRATION BIT (1)

Y

_REGISTRATION BIT ("1")

3

REGISTRATION BIT ("1") REGISTRATION BIT (")
' A A

"

SWITCH POINT ANGLE

INNER GIMBAL ANGLE

H

92 {HOB)
N SLEW SIGN . X GROUND
A DATA HANDLING BiTS SYNCHRONIZATION
BITS
OUTER GIMBAL ANGLE
SLEW ANGLE
- : w7 ; - (HOB) 7 \¥4

'RATION CODE B

COMMAND TYPE

GROUND SYNCHRONIZATION

CONTROL

ATTITUDE

EXPERIMENT

ADDRESS TRANSFER

GIMBAL ANGLE

| DATA HANDLING

NOT USED '

NOTES:
’ 1. "1" BINARY ONE
2. "0" BINARY ZERO
3. HOB-HIGH ORDER BIT OF A FIELD
4.

(LETTER) (NUMBER) DEFINES ONE OF 156
CONTROL MATRIX QUTPUTS. -

5. Y/ / AINFORIZATION CONTAINED IN THIS
BIT IS NOT SPECIFIED FOR PPDS/PSSC
EQUIPMENT OPERATION.




SAMPLE, SINGLE OBSERVATION

PAGE }

U, W, COMMAND LINE !

TIME < 2MIN

COMMAND l||o|o|lto}oo 0 |olo O;OlO ololo|o}t]ololololo]ojololololojo |
BIT No |3 45161778791 101112131415) 6171819202122232&2526’27282930?132
WORD No
1-64 | SPACECRAFT STATUS FRAME (SS) '
65-66 | PROGRAM CODE WORDS (PC)
BIT No 1'2'3 45 67 8 9 1011121310151617181920212223242¢
67 [EXPERIMENT|0:910 Ld-—4-J--F-LLJo[i{1]o]i]1{ojo[nD EHANGE
68 1 DIGITAL {01011 - --F-F-L-{oli[1{ 1]{O]| F-pA=f~Fd-—f -
69 [{ED) DATA {0l1i0 bdedacbfbbdof 1ol bbb At -
70 | FRAME 11 bbb b0 1] L] T]O]ENJO | CIHANIGH
TI-75 | ANALOG DAZX TET
76 0i010 k-t ool
77 |SAME AS oinia R 50 R S S B N N G
78 | ED ABOVE (0§10 badecbabbobabalo JE SO R e s gt S S
79 1lz I N ) I O
B0-8% | ANALOG DATA =7
85 [PY {3 [C ) T S N A e oy
86 | SAME AS [0i011 bedeubcbclabuab-l- R N A S IO O g
87 | ED ABOVE 0;1 O R T S T e o o RS S S S S S
88 5 A L At
89-93 | ANALOG DATA SET
= 0i010 bl fof-b-boL Lo
* 95| SAME AS [0iC11 e o el e i e e i e e
96 | ED ABOVE 0{110 b-b-i--p bbb}~ R O N N N O A
971 N -
98-102| ANALOG DATA 3ET
103 oY 723 o J M0 U N ) O oy
104 SAME AS (01011 kobohabmbababala I N O
105 ED ABOVE [Ci110 mprmpm b e I N O A O e
106 141 B T N U S W A
107-111] ANALOG DATA SET
112 ololo bbabobofabole
113 SAME AS (001 % SR S U WO N T AN N N O N e
114 ED ABOVE [0{110 R N S A (A O N N O
118 i1 bbbebobobabof |
116-120] ANALOG DATA SET
121-184] SPACECRAFT 3TATUS FRANE

TOTAL TIME IN SPACECZAFT

MINUTES TO GENERATE ALL DATA

U, W, LINE () 2{ 3| 4| sl 6] 78] 9l10011]12]13

GAEC LINE No (Nie6l11| 8|25]12 110123 9|24]28|29 |27

OCTAL GAEC LINE No 0631|1207 |30(13|11{26|10|27 33|34 |32

ALL BIANK COLUMNS = DON'T CARE cemmecmemmnm-—= DIGITAL DATA

PREPARED BY G.B. DATE

COMMAND MODE A, NON CYCLIC PHI E2 FI, PH2 E3.FI ,PH3 E2 Fl,
FIG. ¥III-8 PH4 E3 FI
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;
|

INITIATING

COMMANDS
- APPROX
v 8 SEC. 1
5808 | 5 SEC. | SEC l
EOC SEC MAX. MAX | SEC. '
LINE #1 =2 = |
(FROM PPDS i |
COMMAND STORAGE) || RECEIVE OPEN  REPEAT START PHI & PH3 |
EOC TIME COMMAND DIGITAL EXPOSURE |
(BIT 3) DELAY (BIT26) EXPOSURES COMPLETE
(81T 32) | SDW SOW
| #| READOUT|] ™3 READOUT
| BIT 5 gIT 22
|
-
!
: 1.65 SEC. | 68O u SEC.
_MAX. MAX.

|

PROGRAM s
COMPLETE REPEAT  RECEIVE REPEAT
(FROM SDHE) COMMAND PROGRAM  SEQUENCE
. (BIT 26) COMPLETE START
‘ (811"‘27) '
|
s
l
|
>‘_, ‘|
|56 M SEC.| 40 p SEC
MAX. MAX.
e S
STORE MODE - co
(FROM EOHE] = REPEAT Rechive
, A RECE! ENABLE
(FROM EDHE) SEQUENGE  STORE DIGITAL
. START MODE WORD
- (BIT 27) READY READOUT
Ty
K

ANALOG CYCLE
COMPLETE .
(FROM EDHE)

FIG. TII-9 TYP.




e S

COMMAND EXECUTION TIME

APPROX. 9 SEC. MEAS. CYCLE #1

‘ _ 8 SEC.
5 SEC. I SEC
MAX. MAX { SEC. ) i M SEC.
b1

PEN REPEAT START PHI 8 PH3 PH2 & PHA4 DISABLE

IME COMMAND DIGITAL EXPOSURE EXPOSURE DIGITAL

LAY (BIT26) EXPOSURES COMPLETE . COMPLETE . READOUT
T32) SDW SDw " SOwW 4 SDOW AND
#| READOUT||*¥3 READOUT 2 READOUT 4 READOUT STORE

BIT 5 BiT 22 BiT 13 BIT 29 ANALOG

EA GROUP

(81T 28)

U SEI—— -

REPEAT RECEIVE REPEAT

COMMAND PROGRAM SEQUENCE

(BIT 26) COMPLETE START
’ (BIT 27)

56 M SEC. | 40 p SEC.
MAX.

|
1
|
|
:
.
I
I
t

2 . T
’ REPEAT RECEIVE ENABLE

|
!
|
!
|
|
|
!
|
l
|
!
b
y
l
|
|
t
|
|
|
l
I
!
|
|

SEQUENCE  STORE DIGITAL
- START MODE WORD
- (BIT 27) READY READOUTS
R C ¥ S —
K
384 M
MA
o , g”"““
g o ' ' , STORE
: ANALOG
EA GROUP
(B1T 28)

. FIG. YII-9 TYPICAL OAO~-WEP STORED COMMAND Tit

H




'ECUTION TIME

i
. 9 SEC. MEAS. CYCLE 2 | 2. 570, ] 40 y SEC.
| SEC. SAME AS MEAS. CYCLE
MEASUREMENT COUNT 3-=6
CYCLE
SEC COUNT #) V
: END END REPEAT
MEASUREMENT MEASUREMENT COMMAND
‘ CYCLE, CYGCLE (BIT 26)
DISABLE START COUNT ™2 %%ﬁﬁg‘fg
DIGITAL DIGITAL : b A
READOUT EXPOSURES o us
. AND PROGRAM
0UT STORE ] COMPLETE)
9 ANALOG i
EA GROUP !
(81T 28)
| |
| &
| ,
N :
Loy s
|
|
i
| ,
i
| |
| 384 M SEC. ﬂ
_ MAX. 200p SEC__| g
!
: P
STORE RECEIVE - END
ANALOG ANALOG MEASUREMENT
EA GROUP CYCLE CYCLE
(BIT 28) COMPLETE COUNT i

"D COMMAND TIMING




SAMPLE ,SINGLE

OBSERVATION

PAGE 2

U, W, COMMAND LINE

I

TIME < 2MIN,

(?OMMANDMODE A NON-CYCLIC,PHIE3 F2 PH2 E2 F2,PH3E2F2, PH4 E3

FlG.

YIiI- 10

COMMAND Mo%’:m 0!1101010)1 |ojo!! goxogomoto [1]0]0} o}olo!o: :101
BIT No, |3 4'5'6'78'9 101112131u15‘10’17'181920212223242526‘272829303132
WORD No
1-6L4 | SPACEZRAFT STATUS FRAME '
65-66 PROGEAM CODE WORDS
BIT s 17273 % 56 7 B 9 101110131 4151617181920212223242¢
67 |EXPERSAENT|0]0]0 ad-—dea-afb--~-{ 1{O] 111 10]110}0 N0 ICHAINGE
881 piGgiTAL (0101 d-pok-F-F-k=k-[1]{O]1{O 1|1 ettt mm o=~ =
69/ (ED) DATA [0]1]0 Fddomfmtmbob b 1IOJ O} [ 1 b mim o e e
70 | FRAME 117 PR -F-{i{oli{1 1ol 1{N[O| CIHIA[NI|GIE
71-75 | ANALLG DATA SET
76 olofo b=t -b-tfm
77 | sAME AS {0401 Feojmmi—mmbmp—p— IR 12 A I DR O O A
78 | ED ABOVE|0|1|0 k=-bop=b-r-i-=i- AN D IO U XD O U B &
79 e
80-8L | ANAT.D DATA SET
85 0100 bbbtk -l-
86 | sAME AS o0l b-b-fmbembporab- IR I O BN N N
87 | ED  ABOVE [0]1|0 }-F-p-b=pmr=t-r- AN I U N N O A O
88 A B T T S e B B e e i
89-.93 | ANALOG DATA SET
ol ololo -kl bl Lob-
95 | SAME AS [0]0[1 b-b-b-bob-bopob- TR O Y L S A e
96 | ED ABOVE [0]1[0 Lob-F—p-f-b-f=k- N L O
o7 1|1 kbbb -p=b-p-p-
98-102] ANAT.DG DATA SET ‘
103 olofo Lobofofbbobbof-
104 saME AS (0101 bopemmpbopotot-l- I e e ot
105 ED ABOVE [0]1[0 b-b-p-p-pobobmp- AN N L S N S
_ 10 ST B O O e ot 1
N07-111] ANALDG DATA SET
112 ololo b-f-b-p-b-t-l-b-
113| SAME  AS [00]1 p-p-bop-bob-p-r- e
114 ED A=0OVE {0410 b-b-Fp-b-t-f=p- A A Nt
115 ST T N B S e o
116-120] ANAZDG DATA SET
121-1841 SPACTLRAFT STATUS FRAME
TOTAL TIME 1% SPACECRAFT MINUTES TO GENERATE ALL DATA
U. W. LINE @)234'5678910111213
GAEC LINE No (7)26111| 825 |12 |10]23| 9jek|28|e9 27
OCTAL GAEC LINE MNo 06 131 [12 |07 |30 [13 |11 |26 10|27 |33]34{32
ALL BLIANK COZUMNS = DON'T CARE =-===mm—=-o-=- = DIGITAL DATA
PREPARED BY C.B. DATE

F2



SAMPLE, SINGLE OBSERVATION PAGE 3

U, ¥, COMMAND LINE 9 TIME _ <|5MIN

COMMAND l!lo!e!o!o]o!otoloio!l!o!o!ololoio[o]olo[ jo(n}olulo!1jo1z{|

BIT No {3 4 5 6! 7 '8! 9 1011121311#15161(101920212423”#2'\2027282@303{32
¥ORD No

1-64 | SPACECRAFT STATUS FRAME
65-66 | PROGRAM CODE WORDS B
BIT No 123456 7 8 9 1011121314151617181920212223242¢
: 67 EXPERIMENT 0{010 -l mfe b e = -r W 110 ND CHANGE
25 SETS OF 68 | piGiTal [O]0[1 Fod-—f-bb-k-l-F-lND [CAlIGE - A e -
THESE WORDS 69 | (ED) DATA |0}110 bofoeim-lb-bofoal~ j S O O L
70| FRAME Jofif1 | L--L-b-F-b-[( Jlilihifilojolo]
71-75 | ANALOG DATA SET
(N IV (1 YR 2 SR SRR N
- ~25 SETS OF 17 ED ABOVE 01011 pet=rmimr ol o ot sl T o At ! s v
< 78 olilo PR Lol - R N N N A
THESE WORDS 75 EXCEPT‘\ 1 - ‘ T
[ 00-8L | ANALOG DATA SET
5 0 IO N N N
I gg SAME AS 2 gg -
; ~ 25 SETS OF ED ABOVE s ot sl s et e sl St N 1 e S N el
THESE WORDS gg EXCEPT |9 i i it e e el e ! s ~-~-;----r~"*~~~
N N N N ) !
{ 89-93 | ANALOG DATA SET
o o8 SAME As 2219 e i s e s -
~ 25 SETS OF 951 £p apove |249IL Eopmmepmpopep oo ot b et s s
: 96 Y [ S O O A O B
THESE WORDS\ } 57 EXCEPTL\N : C - - - "*"'“;;~--~ -
. - i e e o o o o |
98-102] ANALOG DATA SET ~
103 ED 0100 bbob-bobblo}o olo| Mo |chaticE
FROM O TO 104 " 0101 F-F-F-fakaF-k-F-Dnlo chatc e (Fh -t Ll L E s
7 SETS OF g4 DATA N A G A
05 oaME ol1lo L Y A A A B A
THESE WORDS 106 5 N L o 1 O Jlprte{niofjof
\B07-111] ANALOG DATA SET
112 olofo kbbb pb-L_L.
NoT 113 olofr b-l-b-b-fobbobo A N L O B W
USED< 11LL O 1 O aufons anliot sndied sl cdind afind antiand endid el e e s it et et o RS il
115 ST T O U O I
\116-120] ANALOG DATA SET
121-184] SPACECRAFT STATUS FRAME

TOTAL TIME IN SPACECRAFT MINUTES TO GENERATE ALL DATA

U, W. LINE 1| 2| 3| af| 5| 6] 7] 8{(Qliof11j12{13
GAEC LINE No 712611 | 8|25 /121023 |(g]24 (28|29 |27

OCTAL GAEC LINE No  06(31[12 (07|30 [13[11]26|10]27|33]34 (32

ALL BLANK COLUMNS = DON'T CARE ~  =mm-mecmeome—-- = DIGITAL DATA
PREPARED BY ' DATE

COMMAND MODE C, S.S #2, EI, REVERSE, TO END OF TRAVEL
FIG. MIT - {1




